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Title  40 — Protection  of  Environment 

CHAPTER  I — ENVIRONMENTAL 
PROTECTION  AGENCY 

[FRL  754-5] 

PART  60 — STANDARDS  OF  PERFORM¬ 
ANCE  FOR  NEW  STATIONARY  SOURCES 

Revision  to  Reference  Methods  1-8 

AGENCY ;  Environmental  Protection 
Agency. 

ACTION:  Pinal  Rule. 

SUMMARY:  This  rule  revises  Reference 
Methods  1  through  8,  the  detailed  re¬ 
quirements  used  to  measure  emissions 
from  affected  facilities  to  determine 
whether  they  are  in  compliance  with  a 
standard  of  performance.  The  methods 
were  originally  promulgated  December 
23.  1971,  and  since  that  time  several  re¬ 
visions  became  apparent  which  would 
clarify,  correct  and  improve  the  meth¬ 
ods.  These  revisions  make  the  methods 
easier  to  use,  and  improve  their  accuracy 
and  reliability. 

EFFECTIVE  DATE:  September  19,  1977. 

ADDRESSES:  Copies  of  the  comment 
letters  are  available  for  public  inspection 
and  copying  at  the  U.S.  Environmental 
Protection  Agency,  Public  Information 
Reference  Unit  (EPA  Library),  Room 
2922,  401  M  Street.  S.W.,  Washington, 
D.C.  20460.  A  summary  of  the  comments 
and  EPA’s  responses  may  be  obtained 
upon  written  request  from  the  EPA  Pub¬ 
lic  Information  Center  (PM-215),  401 
M  Street,  S.W..  Washington.  D.C.  20460 
(specify  “Public  Comment  Summary: 
Revisions  to  Reference  Methods  1-8  In 
Appendix  A  of  Standards  of  Performance 
for  New  Stationary  Sources”). 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

Don  R.  Goodwin,  Emission  Standards 
and  Engineering  Division,  Environ¬ 
mental  Protection  Agency,  Research 
Triangle  Park,  North  Carolina  27711, 
telephone  No.  919-541-5271. 

SUPPLEMENTARY  INFORMATION: 
The  amendments  were  proposed  on  June 
8,  1976  (40  FR  23060) .  A  total  of  55  com¬ 
ment  letters  were  received  during  the 
comment  period — 34  from  industry,  15 
from  governmental  agencies,  and  6  from 
other  interested  parties.  They  contained 
numerous  suggestions  which  were  incor¬ 
porated  in  the  final  revisions. 

Changes  common  to  all  eight  of  the 
reference  methods  are:  (1)  the  clarifica¬ 
tion  of  procedures  and  equipment  spec¬ 
ifications  resulting  from  the  comments, 
(2>  the  addition  of  guidelines  for  al¬ 
ternative  procedures  and  equipment  to 
make  prior  approval  of  the  Administra¬ 
tor  unnecessary  and  (3)  the  additicm  of 
an  introduction  to  each  reference  meth¬ 
od  discussing  the  general  use  of  the 
method  and  delineating  the  procedure 
for  using  alternative  methods  and  equip¬ 
ment. 

Specific  changes  to  the  methods  are: 

Method  1 

1.  The  provision  for  the  use  of  more 
than  two  traverse  diameters,  when  spec¬ 


ified  by  the  Administrator,  has  been 
deleted.  If  one  traverse  diameter  is  in  a 
plane  containing  the  greatest  expected 
concentration  variation,  the  intended 
purpose  of  the  deleted  paragraph  will  be 
fulfilled. 

2.  Based  on  recent  data  from  Fluidyne 
(Particulate  Sampling  Strategies  for 
Large  Power  Plants  Including  Nonimi- 
form  Plow,  EPA-600/2-76-170,  June 
1976)  and  Entropy  Environmentalists 
(Determination  of  the  Optimum  Number 
of  Traverse  Points:  An  Analysis  of 
Method  1  Criteria  (draft).  Contract  No. 
68-01-3172),  the  number  of  traverse 
points  for  velocity  measurements  has 
been  reduced  and  the  2: 1  length  to  width 
ratio  requirement  for  cross-sectional  lay¬ 
out  of  rectangular  ducts  has  been  re¬ 
placed  by  a  “balanced  matrix”  scheme. 

3.  Guidelines  for  sampling  in  stacks 
containing  cyclonic  flow  and  stacks 
smaller  than  about  0.31  meter  in  diam¬ 
eter  or  0.071  m’  in  cross-sectional  area 
will  be  published  at  a  later  date. 

4.  Clarification  has  been  made  as  to 
when  a  check  for  cyclonic  flow  is  neces¬ 
sary;  also,  the  suggested  procedure  for 
determination  of  unacceptable  flow  con¬ 
ditions  has  been  revised. 

Method  2 

1.  The  calibration  of  certain  pitot  tubes 
has  been  made  optional.  Appropriate  con¬ 
struction  and  application  guidelines  have 
been  Included. 

2.  A  detailed  calibration  procedure  for 
temperature  gauges  has  been  included. 

3.  A  leak  check  procedure  for  pitot 
lines  has  been  included. 

Method  3 

1.  The  applicablility  of  the  method  has 
been  confined  to  fossil-fuel  combustion 
processes  and  to  other  processes  where  it 
has  been  determined  that  components 
other  than  Os,  COs,  CO,  and  N.  are  not 
present  in  concentrations  suflBcient  to 
affect  the  final  results. 

2.  Based  on  recent  research  informa¬ 
tion  (Particulate  Sampling  Strategies  for 
Large  Power  Plants  Including  Nonuni¬ 
form  Flow,  EPA-600/2-76-170,  June 
1976),  the  requirement  for  proportional 
sampling  has  been  dropped  and  replaced 
with  the  requirement  for  constant  rate 
sampling.  Proportional  and  constant  rate 
sampling  have  been  found  to  give  essen¬ 
tially  the  same  result. 

3.  The  “three  consecutive”  require¬ 
ment  has  been  replaced  by  “any  three” 
for  the  determination  of  molecular 
weight,  COj  and  O-. 

4.  The  equation  for  excess  air  has  been 
revised  to  account  for  the  presence  of  CO. 

5.  A  clearer  distinction  has  been  made 
between  molecular  weight  determination 
and  emission  rate  correction  factor 
determination. 

6.  Single  point,  integrated  sampling 
has  been  included. 

Method  4 

1.  The  sampling  time  of  1  hour  has 
been  changed  to  a  total  sampling  time 
which  will  span  the  length  of  time  the 
pollutant  emission  rate  is  being  deter¬ 
mined  or  such  time  as  specified  in  an 
applicable  subpart  of  the  standards. 


2.  The  requirement  for  proportional 
sampling  has  been  dropped  and  replaced 
with  the  requirement  for  constant  rate 
sampling. 

3.  The  leak  check  before  the  test  run 
has  been  made  optional;  the  leak  check 
after  the  run  remains  mandatory. 

Method  5 

1.  The  following  alternatives  have 
been  included  in  the  method: 

a.  The  use  of  metal  probe  liners. 

b.  The  use  of  other  materials  of  con¬ 
struction  for  filter  holders  and  probe 
liner  parts. 

c.  The  use  of  polyethylene  wash  bot¬ 
tles  and  sample  storage  containers. 

d.  The  use  of  desiccants  other  than 
silica  gel  or  calcium  sulfate,  when 
appropriate. 

e.  The  use  of  stop)cock  grease  other 
than  silicone  grease,  when  appropriate. 

f.  The  drying  of  filters  and  probe-filter 
catches  at  elevated  temperatures,  when 
appropriate. 

g.  The  combining  of  the  filter  and 
probe  washes  into  one  container. 

2.  The  leak  check  prior  to  a  test  run 
has  been  made  optional.  The  post-test 
leak  check  remains  mandatory.  A  meth¬ 
od  for  correcting  sample  voliune  for  ex¬ 
cessive  leakage  rates  has  been  included. 

3.  Detailed  leak  check  and  calibration 
procedures  for  the  metering  system  have 
been  included. 

Method  6 

1.  Possible  interfering  agents  of  the 
method  have  been  delineated. 

2.  The  options  of:  (a)  using  a  Method 
8  impinger  system,  or  (b)  determining 
SO2  simultaneously  with  particulate 
matter,  have  been  included  in  the 
method. 

3.  Based  on  recent  research  data,  the 
requirement  for  proportional  sampling 
has  been  dropped  and  replaced  with  the 
requirement  for  constant  rate  sampling. 

4.  Tests  have  shown  that  isopropanol 
obtained  trom  commercial  sources  oc¬ 
casionally  has  peroxide  impurities  that 
will  cause  erroneously  low  SO:  measure¬ 
ments.  Therefore,  a  test  for  detecting 
peroxides  in  isopropanol  has  been  in¬ 
cluded  in  the  method. 

5.  The  leak  check  before  the  test  run 
has  been  made  optional;  the  leak  check 
after  the  run  remains  mandatory. 

6.  A  detailed  calibration  procedure  for 
the  metering  system  has  been  included 
in  the  method. 

Method  7 

1.  For  variable  wave  length  spectro¬ 
photometers,  a  scanning  procedure  for 
determining  the  point  of  maximum  ab¬ 
sorbance  has  been  incorporated  as  an 
option. 

Method  8 

1.  known  interfering  compounds  have 
been  listed  to  avoid  misapplication  of 
the  method. 

2.  The  determination  of  filterable 
particulate  matter  (including  acid  mist) 
simultaneously  with  SO„  and  SO.,  has 
been  allowed  where  applicable. 

3.  Since  occassiOTially  some  commer¬ 
cially  available  quantities  of  isopropanol 
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have  peroxide  Impurities  that  win  caxise 
erroneously  high  sulfuric  acid  mist  meas¬ 
urements,  a  test  fm:  peroxides  in  ls<H>ro- 
panol  has  be«i  included  in  the  meth^. 

4.  The  gravimetric  technique  for  mois¬ 
ture  content  (rather  than  volumetric) 
has  been  specified  because  a  mixture  of 
isopropyl  alcohol  and  water  will  have  a 
volume  less  than  the  sum  of  the  volumes 
of  its  content. 

5.  A  closer  correspondence  has  been 
made  between  similar  parts  of  Methods 
8  and  5. 

Miscellaneous 

Several  commenters  questioned  the 
meaning  of  the  term  “subject  to  the  ap¬ 
proval  of  the  Administrator”  in  relation 
to  using  alternate  test  methcxis  and  pro¬ 
cedures.  As  defined  in  §  60.2  of  subpart 
A,  the  “Administrator”  includes  any  au¬ 
thorized  representative  of  the  Adminis¬ 
trator  of  the  Environmental  Protection 
Agency.  Authorized  representatives  are 
EPA  oflBcials  in  EPA  Regional  Offices  or 
State,  local,  and  regional  governmental 
officials  who  have  been  delegated  the  re¬ 
sponsibility  of  enforcing  regulations  un¬ 
der  40  CPR  60.  These  officials  in  consulta¬ 
tion  with  other  staff  members  familiar 
with  technical  aspects  of  source  testing 
will  render  decisions  regarding  accept¬ 
able  alternate  test  procedures. 

In  accordance  with  section  117  of  the 
Act,  publicatl(xi  of  these  methods  was 
preceded  by  consultation  with  appropri¬ 
ate  advisory  committees.  Independent 
experts,  and  Federal  departments  and 
agencies. 

(Secs,  ill,  114  and  301(a)  of  the  Clean  Air 
Act.  sec.  4(a)  of  Pub.  L.  No.  91-604.  84  Stat. 
1683;  sec.  4(a)  of  Pub.  L.  No.  91-604,  84  Stat. 
1687;  sec.  2  of  Pub.  L.  No.  90-148,  81  Stat.  5(H 
|42  U.S.C.  1867C-6,  1857C-9.  1857g(a)l.) 

Note. — ^The  Environmental  Protection 
Agency  has  determined  that  this  document 
does  not  contain  a  major  proposal  requiring 
preparation  of  an  Economic  Impact  Analysis 
under  Executive  Orders  11821  and  11949  and 
OMB  Circular  A-107. 

Dated;  August  10, 1977. 

Douglas  M.  Costle. 

Administrator. 

Part  60  of  Chapter  I  of  Title  40  of  the 
C(xie  of  Federal  Regulations  is  amended 
by  revising  Methods  1  through  8  of  Ap¬ 
pendix  A — Reference  Methods  as 
follows: 

APPKNDI.X  .a  — UtFK.RENCE  METUODS 

The  r<‘f<TPnee  nirtliods  in  this  appendix  are  relerrfd  to 
in  {60.8  (Perfoniiance  Tests)  and  160.11  (ConipUanoe 
With  Standards  and  Maintenance  Requirements)  o(  40 
CFR  Part  60,  Suhpart  A  (Ueneral  Provisions).  Specitie 
uses  of  the.se  reference  methods  are  described  m  the 
sundards  of  performance  contained  in  the  subparts, 
befiinning  with  Subpart  D. 

Within  each  standard  of  performance,  a  section  titled 
“Test  Metliods  and  Proc.edures”  is  provided  to  (1) 
identify  the  test  methods  applicable  to  the  facility 
subject  to  ilie  respective  standard  and  (2)  identify  any 
special  instructions  or  conditions  to  be  followed  when 
applying  a  method  to  the  respective  focility.  Such  in¬ 
structions  tfor  example,  establish  sampling  rates,  vol¬ 
umes,  or  temperatures)  are  to  be  used  either  in  addition 
to,  or  as  a  substitute  for  procedures  in  a  reference  method. 
Similarly,  for  sources  subject  to  emission  monitoring 
requirements,  speeitic  instructions  pertaining  to  any  use 
of  a  reference  method  are  provided  in  the  subpart  or  in 
Appendix  11. 


Inclusion  of  methods  In  this  appendix  is  not  intended 
as  an  endorsement  or  denial  of  their  applicability  to 
soureee  tliat  are  not  subject  to  standards  of  performance. 
Tbe  methods  are  potentially  amtiicaUe  to  other  soorree; 

however,  applicability  should  be  confirmed  by  careful 
and  appropriate  evaluation  of  the  conditions  prevalent 
at  such  sources. 

The  approach  followed  in  the  formulation  of  the  ref¬ 
erence  methods  involves  specifications  for  equipment, 
procedures,  and  performance.  In  concept,  a  performance 
specification  approach  would  be  preferable  in  all  methods 
becau.sc  this  ^lows  the  greatest  flexibility  to  the  user. 
In  practice,  however,  this  approach  is  impiwctical  in  most 
ciuses  because  performance  siiecifications  cannot  he 
established.  Most  of  the  methods  descrilied  herein, 
therefore,  involve  spei'ific  equipment  spi'cifications  and 
procedures,  and  only  a  few  methods  in  this  apix'udix  rely 
on  iierformaiice  criteria. 

Miuow  chanees  in  the  reference  methods  should  not 
necessarily  affect  tlip  validity  of  the  results  and  it  is 
ri'i-ognixed  that  alternative  and  equivalent  methods 
exist.  .Section  60  S  provides  authority  for  the  .Administra¬ 
tor  to  spi'cify  or  aviprove  (11  equivalent  methods,  (2) 
alternative  methods,  and  (3)  minor  changes  in  the 
methodology  of  the  reference  methods.  It  should  be 
clearly  understood  that  unless  otherwise  identified  all 
such  methods  and  clianges  must  have  prior  approval  of 
the  -Administrator.  An  owner  einployine  such  methods  or 
deviations  from  the  reference  methods  without  obtaining 
prior  approval  does  so  at  tbe  risk  of  subse<iuent  disap¬ 
proval  and  retesting  with  approved  metliods. 

Within  the  reference  methods,  certain  speeifie  equip¬ 
ment  or  procedures  are  recognited  as  being  acceptable 
or  potentially  acceptable  and  are  specifically  identified 
in  the  mcthoils.  The  items  identified  as  acceptable  op¬ 
tions  may  be  used  witliont  approval  but  must  be  identi¬ 
fied  in  the  test  report.  The  potentially  approvable  op¬ 
tions  are  cited  as  "subject  to  the  approval  of  the 
Administrator’’  or  as  “or  equivalent.’’  Such  potentially 
approvable  techniques  or  alteniatives  may  be  used  at  the 
discretion  of  the  owner  without  prior  approval.  However, 
detailed  descriptions  for  applying  these  potentially 
approvable  techniques  or  alternatives  are  not  provided 
in  the  reference  methods.  ALsc,  the  potentially  approv¬ 
able  options  are  not  necessarily  acceptable  in  all  applica¬ 
tions.  Therefore,  an  owner  electing  to  use  such  po¬ 
tentially  approvable  techniques  or  alternatives  is  re¬ 
sponsible  for:  (1)  as.suring  that  the  techniques  or 
alternatives  are  in  fact  applicable  and  are  properly 
executed:  (2)  including  a  written  description  of  the 
alteniative  method  in  the  test  report  (the  written 
method  mast  be  clear  and  must  be  capable  of  being  per¬ 
formed  without  additional  instruction,  and  the  degree 
of  detail  should  be  similar  to  the  detail  contained  in  the 
reference  methods);  and  (3)  providing  any  rationale  or 
supporting  data  nece&sary  to  show  the  vaUdity  of  the 
alternative  in  the  particular  application.  Failure  to 
meet  these  requirements  can  result  in  the  .Adminis¬ 
trator's  disapproval  of  the  alternative. 

Method  1  P.xmple  .\nd  Velocity  TKxvER.>iEs  for 

l^T.XTtOSARY  SOVKCE.S 
1.  Princii)i<  Olid  ApplicabUilg 

1.1  Principle.  To  aid  in  the  representative  measure¬ 
ment  of  pollutant  emissions  and/or  total  volumetric  flow 
rate  from  a  stationary  source,  a  measurement  site  where 
the  effluent  stream  is  flowing  in  a  known  direction  is 
sidi.'cted,  and  tlie  cross-section  of  the  stack  is  divided  into 
a  number  of  equal  areas.  A  traverse  point  is  then  located 
within  each  of  these  equal  areas. 

1.2  .Appliea’oility.  ’This  method  is  applioaMe  to  flow¬ 
ing  gas  streams  in  duct.s,  stacks,  and  flues.  The  method 
cannot  be  used  when:  (1)  flow  is  cyclonic  or  swirling  (see 
.Section  2.4).  (2)  a  stack  is  smaller  than  about  0.30  meter 
112  in.)  in  diameter,  or  0.071  m*  (113  in.>)  in  cross-sec¬ 
tional  area,  or  (3)  tbe  measurement  site  is  less  than  two 
stack  or  duct  diameters  downstream  or  less  than  a  half 
diameter  utistream  from  a  flow  disturliauce. 

Tile  requirements  of  this  method  must  be  considered 
before  construction  of  a  new  facility  from  which  emissions 
will  be  measured:  failure  to  do  so  may  require  subsequent 
alterations  to  the  stack  or  deviation  from  the  staiidtu'd 
procedure.  Cases  involving  variants  are  subject  to  ap- 
LHOval  by  the  .Administrator,  C.S.  Environmental 
ITotection  .Agency. 


2.1  Selection  of  .Measurement  Site.  Sampling  or 
Velocity  nicasureiueiit  is  performed  at  a  site  locat^  at 
least  eiglit  stack  or  duct  diameters  downstream  and  two 
diameters  upstream  from  any  flow  disturbance  such  as 
a  bend,  expansion,  or  contraction  in  the  stack,  or  from  a 
visible  flame.  If  uei'essary,  an  alternative  location  may 
be  selected,  at  a  position  at  least  two  stack  or  duct  di¬ 
ameters  dow  nstream  and  a  half  diameter  upstream  from 
any  flow  disturbance.  For  a  rei'tangular  cross  section, 
an  equivalent  diameter  (D,)  shall  be  calculated  from  the 
following  equation,  to  determine  tbe  upstream  and 
downslieam  distances; 

'  L+W 
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DUCT  DIAMETERS  UPSTREAM  FROM  FLOW  DISTURBANCE  (DISTANCE  A) 


DUCT  DIAMETERS  DOWNSTREAM  FROM  FLOW  DISTURBANCE  (DISTANCE  B) 


Figure  1-1.  Minimum  number  of  traverse  points  for  particulate  traverses. 


where  />=leiigth  and  H'=width. 

2.2  Determining  the  Number  nf  Travertie  I’nints. 

2.2.1  Harliculate  Traverses.  When  tlie  eight-  and 
two-diameter  criterion  can  be  met,  the  mini  mum  number 
of  traverse  points  shall  be;  (1)  twelve,  for  circular  or 
rectangular  stacks  "with  diameters  (or  equivalent  di¬ 
ameters)  greater  than  0.61  meter  (24  in.);  (2)  eight,  for 
circular  stacks  with  diameters  between  0.30  and  0.61 
meter  (12-24  in.);  (3)  nine,  for  rectangular  stacks  with 
equivalent  diameters  between  0.30  and  0.61  meter  (12-24 
in.). 

When  the  eight-  and  two-dianieter  criterion  cannot  bo 
met,  the  minimum  number  of  traverse  (loints  is  deter¬ 
mined  from  Figure  1-1.  Before  referring  to  the  figure, 
however,  determine  the  distances  from  the  chosen  meas¬ 
urement  site  to  the  nearest  upstream  and  downstream 
disturbances,  and  divide  each  distance  by  the  stack 
diameter  or  effuivalent  diameter,  to  determine  the 
distance  in  terms  of  the  numlter  of  duct  diameters.  Then, 
determine  from  Figure  1-1  the  minimum  number  of 
traverse  points  that  corresponds:  (1)  to  the  numlter  of 
duct  diameters  upstream;  and  (2)  to  the  number  of 
diameters  downstream.  Select  the  higher  of  the  two 
minimum  numbers  of  traverse  points,  or  a  greater  value, 
so  that  for  circular  stacks  the  number  is  a  multiple  of  4, 
and  for  rectangular  stacks,  the  number  is  one  of  those 
shown  in  Table  1-1. 

Tabi.f.  1-1.  Cro»>->rcti'inaJ  Urjout  hr  rrclaiitiiilnr  stack* 


Ma¬ 

trix 

lav- 

Sii  mtxr  of  trat  erst  points:  out 

!t .  3x3 

12 .  4x3 

16 .  4x4 

20 . 5x4 

25 . , .  5x5 

;to .  6x5 

36 .  6x6 

42 . 7x6 

40 .  7x7 
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DUCT  DIAMETERS  DOWNSTREAM  FROM  FLOW  DISTURBANCE  (DISTANCE  R) 


Figure  1-2.  Minimum  number  of  traverse  points  for  velocity  (nonparticulate)  traverses. 


2.2.2  Velwity  (Non-PartioulaU')  TravMS€«i.  When 
velocity  or  volumetric  flow  rate  is  to  be  determined  (but 
not  particulate  matter),  the  same  procedure  as  that  for 
Itarticulate  traverses  (Section  2.2.1)  is  followed,  except 
that  Figure  1-2  may  be  used  instead  ot  Figure  1-1. 

2.3  Cross-Sectional  Layout  and  Location  of  Traverse 
Points. 

2.3.1  Circular  Stacks.  Locate  the  traverse  points  on 
two  perpendicular  diameters  adcording  to  Table  1-2  and 
the  example  shown  in  Figure  1-3.  Any  equation  (for 
examples,  see  Citations  2  and  3  in  the  Bibliography)  that 
gives  the  same  values  as  those  in  Table  1-2  may  ^  used 
in  lieu  of  Table  1-2. 

For  particulate  traverses,  one  of  tlie  diameters  must  be 
in  a  plane  containing  the  greatest  expected  concentration 
variation,  e.g.,  after  bends,  one  diameter  shall  be  in  the 
plane  of  the  l>end.  This  requirement  becomes  less  critical 
as  the  distance  from  the  disturtmnee  increasi's;  therefore, 
ot  her  diameter  locations  maj’  lx*  us<h1,  subject  to  approval 
of  tlie  Administrator. 

In  addition,  for  stacks  liaving  diameters  greater  than 
0.61  m  (24  in.)  no  traverse  points  shall  be  located  within 
2.5  centimeters  (1.00  in.)  of  the  stack  walls;  and  for  stack 
diameters  e<]ual  to  or  les  than  0.61  m  (24  in.),  no  traverse 
points  shall  be  located  within  1.3  cm  (0.50  in.)  of  the  stack 
walls.  To  meet  these  criteria,  observe  the  procedures 
given  below. 

2.3.1. 1  Stacks  With  Diameters  Greater  Thau  0.61  m 
(24  in.).  When  any  of  the  traverse  points  as  located  in 
Section  2.3.1  foil  within  2.5  cm  (1.00  in.)  of  the  stack  walls, 
relocate  them  away  from  the  stack  walls  to:  (1)  a  distance 
of  2.5  cm  (1.00  in.);  or  (2)  a  distance  equal  to  the  notzle 
inside  diameter,  whichever  is  larger.  These  relocated 
traverse  points  (on  each  end  of  a  diameter)  shall  be  the 
"adtoted”  traverse  points.  v- 

W>  lenever  two  successive  traverse  points  are  combined 
to  form  a  single  adjusted  traverse  point,  treat  the  ad¬ 
justed  point  as  two  separate  traverse  points,  both  in  the 
sampling  (w  velocity  measurement)  procedure,  and  in 
recording  the  data. 
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TRAVERSE 

POINT 

1 

2 

3 

4 

5 
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(2)  in  stacks  having  tangential  inlets  or  other  duct  con- 
flgniatioiis  wfaiefa  tend  to  Induce  swirling;  in  these 
instaacee.  the  presence  or  absence  of  cyclonic  flow  at 
the  sampling  location  must  be  determined.  The  following 
techniques  are  acceptable  for  this  determination. 


Figure  1-3.  Example  showing  circular  stack  cross  section  divided  into  Figure  1  4.  Example  showing  rectangular  stack  cross 

1 2  equal  areas,  with  location  of  traverse  points  indicated.  section  divided  into  1 2  equal  areas,  with  a  traverse 

point  at  centroid  of  each  area. 


Table  1-2.  LOCATION  OF  TRAVERSE  POINTS  IN  CIRCULAR  STACKS 
(Percent  of  stack  diameter  from  inside  wall  to  traverse  point) 


Traverse 

point 

number 


Number  of  traverse  points  on  a  diameter 


diameter 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

1 

14.6 

6.7 

4.4 

3.2 

2.6 

2.1 

1.8 

1.6 

1.4 

1.3 

1.1 

1.1 

2 

85.4 

25.0 

14.6 

10.5 

8.2 

6.7 

5.7 

4.9 

4.4 

3.9 

3.5 

3.2 

3 

75.0 

29.6 

19.4 

14.6 

11.8 

9.9 

8.5 

7.5 

•6.7 

6.0 

5.5 

93.3 

70.4 

32.3 

22.6 

17.7 

14.6 

12.5 

10.9 

.  9.7 

8.7 

7.9 

5' 

85.4 

67.7 

34.2 

25.0 

20.1 

16.9 

14.6. 

12.9 

11.6 

10.5 

6 

95.6 

80.6 

65.8 

35.6 

26.9 

22.0 

18.8 

16.5 

14.6 

13.2 

7 

• 

• 

89.5 

77.4 

64.4 

36.6 

28.3 

23.6 

20.4 

18.0 

16.1 

8 

96.8 

85.4 

75.0 

63.4 

37.5 

29.6 

25.0 

21.8 

19.4 

9 

91.8 

82.3 

73.1 

62.5 

38.2 

30.6 

26.2 

23.0 

10 

97.4 

88.2 

79.9 

71.7 

61.8 

38.8 

31.5 

27.2  ' 

n 

93.3 

85.4 

78.0 

70.4 

61.2 

39.3 

32.3 

12! 

97.9 

90.1 

83.1 

76.4 

69.4 

60.7 

39.8 

13 

94.3 

87.5 

31.2 

75.0 

68.5 

60.2 

14 

98.2 

91.5 

85.4 

79.6 

73.8 

67.7 

15 

1  1 

j 

95'.  1 

89.1  ! 

83.5 

78.2 

72.8 

16 

98.4 

92.5 

87.1 

82.0 

77.0 

17 

95.6 

90.3 

85.4 

80.6 

18 

98.6 

93.3 

88.4 

83.9 

19 

96.1 

91.3 

86.8 

20: 

- 

98.7 

94.0 

89.5 

21 

. 

96.5 

92.1 

22 

98.9 

94.5 

23 

96.8 

24 

98.9 

2.3.1 .2  Stacks  With  Diameters  Equal  to  or  Less  Than 
0.61  m  (24  in.).  Follow  the  procedure  in  Section  2.3.1. 1, 
noting  only  that  any  “adjusted”  points  should  be 
relocated  away  from  the  stack  walls  to:  (1 )  a  distance  of 
1.3  cm  (0.50  in.):  or  (2)  a  distance  equal  to  the  noztle 
inside  diameter,  whichever  is  larger. 

2.3.2  Rectangular  Stacks.  Determine  the  number 
of  traverse  points  as  explaitied  in  Sections  2.1  and  2.2  of 
this  method.  From  Table  1-1,  determine  the  grid  con- 
fiygtuation.  Divide  the  stark  cross-section  into  as  many 
equal  rectangular  elemental  areas  as  traverse  points, 


and  then  locate  a  traverse  point  at  the  centroid  of  each 
equal  area  according  to  the  example  in  Figure  1-1. 

The  situation  of  traverse  points  being  too  close  to  the 
stack  walls  is  not  expected  to  arise  with  rectangular 
stacks.  If  this  problem  should  ever  arise,  the  Adminis¬ 
trator  must  be  contacted  for  resolution  of  the  matter. 

2.1  Verification  of  AbseiKe  of  Dyclonic  Flow.  In  most 
stationary  sources,  the  direction  of  stack  gas  flow  is 
essentially  parallel  to  the  stack  walls.  However, 
cyclonic  flow  may  exist  (1 )  after  such  devices  as  cyclones 
and  inertial  demisters  following  venturi  scrubbers,  or 


Level  and  zero  the  manometer.  Connect  a  Type  8 
pitot  tube  to  the  manometer.  Position  the  Type  8  pitot 
tube  at  each  traverse  point,  in  succession,  so  that  the 
planes  of  the  face  openings  of  the  pitot  tube  are  perpendic¬ 
ular  to  the  stack  cross-sectional  pime;  when  the  Type  8 
pitot  tube  is  in  this  position,  it  is  at  “0“  reference.”  Note 
the  differential  pressure  (Ap)  reading  at  each  traverse 
point.  If  a  null  (zero)  pitot  reading  is  obtained  at  0® 
reference  at  a  given  traverse  point,  an  acceptable  flow 
condition  exists  at  that  point.  If  the  pitot  reding  is  not 
zero  at  0“  reference,  rotate  the  pitot  tube  (up  to  rfc^  yaw 
angle), until  anuU  reading  isobtained.  CaiWuUy  determino 
and  reeord  the  value  of  the  rotation  angle  (a)  to  the 
nearest  degree.  After  the  null  technique  h^  been  applied 
at  each  travrse  point,  calculate  the  average  of  the  abso¬ 
lute  values  of  a;  assign  a  values  of  0°  to  uiose  points  for 
which  no  rotation  was  required,  and  include  these  in  the 
overall  average.  If  the  average  value  of  a  is  greater  than 
10°,  the  overall  flow  condition  in  the  stack  is  unacceptable 
and  alternative  methodology,  subject  to  the  approval  of 
the  Administrator,  must  be  used  to  perform  accurate 
sample  and  velocity  traverses. 
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Method  2— Determination  or  Stack  Oas  Velocttt 

AND  Volumetric  Flow  Rate  (Type  S  Phot  Tube) 

1.  Principle  and  ApplieabilUf 

1.1  Principle.  The  average  gas  velocity  in  a  stack  is 
determined  from  the  gas  density  and  from  measurement 
of  the  average  velocity  head  with  a  Type  S  (Stausscheibe 
or  reverse  tyiie)  pitot  tube. 

1.2  Applicability.  This  method  is  applicable  for 
measurement  of  the  average  velocity'  of  a  gas  stream  and 
for  quantifying  gas  flow. 

This  procedure  is  not  applicable  at  measurement  sites 
which  foil  to  meet  the  criteria  of  Method  1,  Section  2.1. 
Also,  the  method  cannot  be  used  for  direct  mea.suremcnt 
in  cyclonic  or  swirling  gas  streams;  Section  2.4  of  Method 
1  shows  how  to  determine  cyclonic  or  swirling  flow  con¬ 
ditions.  When  unacceptable  conditions  exist,  alternative 
procedures,  subject  to  the  approval  of  the  Administrator, 
U.S.  Environmental  Protection  Agency,  must  be  em¬ 
ployed  to  make  accurate  flow  rate  determinations: 
examples  of  such  alternative  procedures  are:  (1)  to  install 
straightening  vanes;  (2)  to  calculate  the  total  volumetric 
flow  rate  stoichiometrically,  or  (3)  to  move  to  another 
measurement  site  at  which  the  flow  is  acceptable. 

2.  Apparalut 

Specifications  for  the  apparatus  are  given  below.  Any 
other  apparatus  that  has  been  demonstrated  (subject  to 
approval  of  the  Administrator)  to  be  capable  of  meeting 
the  specifications  will  be  considered  acceptable. 
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Figure  2- 1 .  T ype  S  pitot  tube  manometer  assembly. 

2.1  Type  S  Pitot  Tube.  The  Type  B  pitot  tube 
(Figure  2-1)  shall  be  made  of  metal  tubing  (e.g.,  stain¬ 
less  steel).  It  is  recommended  that  the  external  tubing 
diameter  (dimension  Dt,  Figure  2-2b)  be  between  0.48 
and  0.95  eentimeters  (He  and  H  inch).  There  shall  be 
an  equal  distance  from  the  base  of  each  leg  of  the  pitot 
tube  to  its  face-opening  plane  (dimensions  Pa  and  Pb, 

Figure  3-2b):  It  is  recommended  that  this  distance  be 
between  1.06  and  1.60  times  tbe  external  tubing  diameter. 

The  bee  openings  of  tbe  pitot  tube  shall,  preferably,  be 
aligned  as  shown  in  Figure  2-2;  howevor,  sluht  misalign¬ 
ments  of  the  openings  are  permissible  (see  Figure  2-3). 

Tbe  Type  8  pitot  tabe  mall  hare  a  known  coefficient, 
determined  as  outlined  in  Seetion  4.  An  identification 
number  shall  be  assigned  to  tbe  pitot  tube;  this  number 
dial]  be  permanently  marked  or  eiigrayed  on  the  body 
of  the  tuM. 
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Figure  2-2.  Properly  constructed  Type  S  pitot  tube,  shown 
in:  (a)  end  view;  face  opening  planes  perpendicular  to  trans¬ 
verse  axis;  (b)  top  view;  face  opening  planes  parallel  to  lon¬ 
gitudinal  axis;  (c)  side  view;  both  legs  of  equal  length  and 
centerlines  coincident,  when  viewed  from  both  sides.  Base¬ 
line  coefficient  values  of  0.84  may  be  assigned  to  pitot  tubes 
constructed  this  way. 
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Figure  2*3.  Types  of  face-opening  misalignment  that  can  result  from  field  use  or  im« 
proper  construction  of  Type  S  pitot  tubes.  These  will  not  affect  the  baseline  value 
of  Cp(s)  so  long  as  ai  and  a2  <  10°,  and  P2  <  5°.  z  <  0.32  cm  (1/8  in.)  and  w  < 
0.08  cm  (1/32  in.)  (citation  1 1  in  Swtion  6). 
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A  standard  pitot  tube  may  be  used  instead  of  a  Type  S, 
provided  that  it  meets  the  specifications  of  Sections  2.7 
and  4.2;  note,  however,  that  the  static  and  impact 
pressure  holes  of  standard  pitot  tubes  are  susceptible  to 
pIugpinR  in  particulate-laden  gas  streams.  Therefore, 
whenever  a  standard  pitot  Itibe  is  used  to  perform  a 
traverse,  adequate  proof  must  lie  furnished  that  the 
openings  of  tlie  pitot  tulie  have  not  plugged  up  during  the 
traverse  period;  this  can  be  done  by  taking  a  velocity 
iiead  (Ap)  reading  at  the  final  traverse  point,  cleaning  out 
the  impact  and  static  holes  of  the  standard  pitot  tube  by 
“back-purging”  with  pressurized  air,  and  then  taking 
another  Ap  reading.  If  the  Ap  readings  made  before  and 
after  the  air  purge  are  the  sanies  tB  percent),  the  traverse 
is  acceptable.  Othcjwise,  reject  the  run.  Note  that  if  Ap 
at  the  final  traverse  point  is  unsuitably  low,  another 
point  may  be  selected.  If  “back-purging"  at  regular 
iiitervals  is  part  of  the  procedure,  then  comparative  Ap 
readings  shall  be  taken,  as  above,  for  the  last  two  back 
purges  at  which  suitably  high  Ap  readings  are  observed. 

2.2  Differential  Pressure  Gauge.  An  inclined  nianom- 
eter  or  eipiivalent  device  is  used.  Most  sampling  trains 
are  equipped  with  a  lO-in.  (water  column)  inclined- 
vertical  manometer,  having  0.01-in.  IljO  divisions  on  the 
0-  to  1-in.  inclined  scale,  and  0.1-ln.  IIiO  divisions  on  the 
1-  to  10-in.  vertical  scale.  This  tj^  of  manometer  (or 
other  gauge  of  equivalent  sensitivity)  is  satisfactory  for 
the  measurement  of  Ap  values  as  low  as  1.3  mm  (0.06  in.) 
IIjO.  However,  a  differential  pressure  gauge  of  greater 
sensitivity  shall  be  used  (subject  to  the  approval  of  the 
Administrator),  if  any  of  the  following  is  found  to  bo 
true:  (1)  the  aritlimotic  average  of  all  Ap  readings  at  the 
traverse  points  in  the  stack  is  less  than  1.3  mm  (0.06  in.) 
U2O;  (2)  for  traverses  of  12  or  more  points,  more  than  10 
percent  of  the  individual  Ap  readings  are  below  1.3  mm 
(0.05  in.)  HiO;  (3)  (or  traverses  of  fewer  than  12  ^ints, 
more  than  one  Ap  reading  is  below  1.3  mm  (0.06  in.)  HjO. 
Citation  18  in  Section  6  describes  commercially  available 
instrumentation  for  the  measurement  of  low-range  gas 
velocities. 

As  an  alternative  to  criteria  (1)  through  (3)  above,  the 
following  calculation  may  lie  performed  to  determine  the 
necessity  of  using  a  more  sensitive  differential  pressure 
gauge: 

rp _  i— I  _ 

±;v^. 

i  =  l 

where: 

Api= Individual  velocity  head  reading  at  a  traverse 
point,  mm  H2U  (in.  H.O). 
n = Total  number  of  traverse  P9lnts. 
ii=0.13  mm  H2O  when  metric  units  are  used  and 
0.005  in  H2O  when  English  units  are  used. 

If  T  is  greater  than  1.05,  the  velocity  head  data  are 
unacceptable  and  a  more  sensitive  differential  pressure 
gauge  must  be  used. 

Note.— If  differential  pressure  gauges  other  than 
inclined  manometers  are  used  (e.g.,  magnehelic  gauges), 
their  calibration  must  be  checked  after  each  test  series. 
To  check  the  calibration  of  a  differential  pressure  gauge, 
compare  Ap  readings  of  the  gauge  with  those  of  a  gauge- 
oil  manometer  at  a  minimum  of  three  points,  approii- 
mately  representing  the  range  of  Ap  values  in  the  stack. 
If,  at  each  point,  the  values  of  Ap  as  read  by  the  differen¬ 
tial  pressure  gauge  and  gauge-oil  manometer  agree  t* 
within  5  percent,  the  differential  pressure  gauge  shall  be 
considered  to  be  in  proper  calibration.  Otherwise,  the 
test  series  shall  either  be  voided,  or  procedures  to  adjust 
the  measured  Ap  values  and  final  results  shaU  be  used, 
subject  to  the  approval  of  the  Administrator. 

2.3  Temperature  Gauge.  A  thermocouple,  liquid- 
filled  bulb  thermometer,  bimetallic  thermometer,  mer- 
cury-in^lass  thermometer,  or  other  gauge  capable  of 
measuring  temiierature  to  within  1.5  percent  of  the  mini¬ 
mum  ab^lute  stack  temperature  shall  be  used.  The 
tempeiature  gauge  shall  lie  attached  to  the  pitot  tube 
such  that  the  sensor  tip  does  not  touch  any  metal;  the 
gauge  shall  be  in  an  interference-free  arrangement  with 
respect  to  the  pitot  tube  face  openings  (see  Figure  2-1 
ana  also  Figure  2-7  in  Section  4).  Alternate  positions  may 
be  used  if  the  pitot  tube-temperatore  faiige  system  is 
calibrated  according  to  the  procedure  of  Section  4.  Pro¬ 
vided  that  a  difference  of  not  more  than  1  percent  in  the 
average  velocity  measurement  is  introduced,  the  tem¬ 


perature  gauge  need  not  be  attached  to  the  pitot  tube: 
this  alternative  is  subject  to  Uie  approval  of  the 
Administrator. 

2.4  Pressure  Probe  and  Gauge.  A  piezometer  tube  and 
mercury-  or  water-filled  U-tube  manometer  capable  of 
measuring  stack  pressure  to  within  2.5  mm  (0.1  in.)  Hg 
is  used.  The  static  tap  of  a  standard  type  pitot  tube  or 
one  leg  of  a  Type  X  pitot  tube  with  the  face  opening 
planes  positioned  iiarallel  to  the  gas  flow  may  also  be 
used  as  the  pressure  probe. 

2.5  Barometer.  A  mercury,  aneroid,  or  other  barom¬ 
eter  capable  of  measuring  atmospheric  pressure  to 
within  2.5  mm  Hg  (0.1  in.  Hg)  may  be  used.  In  many 
cases,  the  barometric  reading  may  be  obtained  from  a 
nearby  national  weather  service  station,  in  which  case 
the  station  value  (which  is  the  ab.solute  barometric 
pressure)  shall  be  requested  and  an  adjustment  for 
elevation  differences  between  the  weather  station  and 
the  sampling  point  shall  be  applied  at  a  rate  of  minus 

2.5  ram  (0.1  in.)  Hg  per  30-mcter  (100  foot)  elevation 
increase,  or  vice-versa  (or  elevation  decrease. 

2.6  Gas  Density  Determination  Equipment.  Method 
3  equipment,  if  needed  (see  Section  3.6),  to  determine 
the  stack  gas  dry  molecular  weight,  and  Reference 
Method  4  or  Method  5  equipment  for  moi.sture  content 
determination;  other  methods  may  be  used  subject  to 
approval  of  the  Administrator. 

2.7  Calibration  Pitot  Tube.  When  calibration  of  the 
Tyjje  S  pitot  tube  is  necessary  (see  Section  4),  a  standard 
tutot  tube  is  used  as  a  reference.  The  standard  pitot 
tube  shall,  preferably,  have  a  known  coefficient,  obttUned 
either  (1)  directly  from  the  National  Bureau  of  Stand¬ 
ards,  Route  270,  Quince  Orchard  Road,  Gaithersburg, 


Maryland,  or  (2)  by  calibration  against  another  standard 
pitot  tulie  with  an  NBS-traceable  coefficient.  Alter¬ 
natively,  a  standard  pitot  tube  designed  according  to 
the  criteria  given  in  2.7.1  through  2.7.5  below  and  illus¬ 
trated  in  Figure  2-4  (see  also  Citations  7,  8,  and  17  in 
Section  6)  may  be  used.  Pitot  tubes  designed  according 
to  these  specifications  will  have  baseline  coefficients  of 
about  O.OOiO.Ol. 

2.7.1  Hemispherical  (shown  in  Figure 2-4),  ellipsoidal, 
or  conical  tip. 

2.7.2  A  minimum  of  six  diameters  straight  run  (based 
Hiion  f>,  the  external  diameter  of  the  tube)  between  the 
tip  and  the  static  pressure  boles. 

2.7.3  A  minimum  of  eight  diameters  straiglit  run 
between  the  static  pressure  holes  and  the  centerline  of 
the  external  tube,  following  the  90  degree  bend. 

2.7.4  Static  pressure  holes  of  e(|uai  size  (approximately 
0.1  />),  equally  spaced  in  a  piezometer  ring  con  figuration. 

2.7.5  Ninety  degree  bend,  with  curved  or  mitered 
junction. 

2.8  Differential  Presisure  Gauge  for  Type  S  Ritot 
Tube  Calibration.  An  inclined  manometer  or  equivalent 
is  used.  If  the  single-velocity  calibration  technique  is 
employed  (see  Section  4.1.2.,3),  the  calibration  differen¬ 
tial  pressure  gauge  shall  be  readable  to  the  nearest  0.13 
mm  H2O  (0.006  in.  H2O).  For  multivelocity  calibratiorLs, 
the  gauge  shall  be  readable  to  the  nearest  0.13  mm  IhO 
(O.OfiS  in  IIjO)  for  Ap  values  between  1.3  and  25  mm  H2O 
(0.05  and  1.0  in.  HiO),  and  to  the  nearest  1.3  mm  H2O 
(0X)5  in.  HiO)  for  Ap  values  above  25  mm  HfO  (1.0  In. 
HiO).  A  spet^l,  more  sensitive  gauge  will  be  requir^ 
to  read  Ap  values  below  1.3  mm  HiO  (0.05  in.  H2O] 
(see  Citation  18  in  Section  6). 


CURVED  OR 
MITERED  JUNCTION 


1  , 


STATIC 

HOLES 

(-0.10) 


HEMISPHERICAL  ^ 
TIP 


Figure  2-4.  Standard  pitot  tube  design  specifications. 


3.1  Set  up  the  apparatus  as  shown  in  Figure  2-1. 

Capillary  tubing  or  surge  tanks  installed  between  the 
manometer  and  pitot  tube  may  be  used  to  dampen  Ap 
fluctuations.  It  is  recommended,  but  not  required,  that 
a  pretest  leak-check  be  conducted,  as  follows:  (1)  blow 
through  the  pitot  impact  opening  until  at  least  7.6  cm 
(Sin.)  HjO  velocity  pressure  registers  on  the  manometer; 
then,  close  off  the  impact  opening.  The  pressure  shall 
remain  stable  for  at  least  15  seconds;  (2)  do  the  same  for 
the  static  pressure  side,  except  using  suction  to  obtain 
the  minimum  of  7.6  om  (3  in.)  HiO.  Other  leak-check 
procedurea,  subject  to  the  approval  of  the  Administrator, 
may  be  us^.  : 

3.2  Level  and  rero  the  manometer.  Because  the  ma 


nometer  level  and  zero  may  drift  due  to  vibrations  and 
temperature  changes,  make  periodic  checks  during  the 
traverse.  Record  all  necessary  data  as  shown  in  the 
example  data  sheet  (Figure  2-5). 

3.3  Measure  the  velocity  liead  and  temperature  at  the 
traverse  points  specified  by  Method  1.  Ensure  that  the 
proper  differential  pressure  gauge  is  being  used  (or  the 
range  of  Ap  values  encountered  (see  Section  2.2).  If  it  is 
necessary  to  change  to  a  more  sensitive  gauge,  do  so,  and 
remeasure  the  Ap  and  temperature  readings  at  each  tra¬ 
verse  point.  Conduct  a  post-test  leak-check  (mandatory), 
as  described  in  Section  3.1  above,  to  validate  the  traverse 
run. 

3.4  Measure  the  static  pressure  in  the  stack.  One 
reading  is  usually  adequate. 

3.5  Determine  the  atmospheric  pressure. 
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3.6  Delerniine  the  stack  gas  dry  molecular  weight. 
For  combustion  processes  or  processes  that  emit  essen- 
lially  COj,  Oj,  CO,  and  Nj,  use  Method  3.  For  processes 
iinitting  c.ssentially  air,  an  analysis  need  not  be  con- 
liuctcd;  use  a  dry  moiecular  weight  of  29.0.  For  other 
processes,  other  methods,  subject  to  the  approval  of  the 
Administrator,  must  be  used. 

3.7  Obtain  the  moisture  content  from  Reference 
.M<>tliod  4  (or  equivalent)  or  from  Method  S. 

3.«  Determine  the  cross-sectional  area  of  the  stack 
or  duct  at  tlie  sampling  location.  Whenever  possible, 
pliy.si<  ally  measure  the  stai  k  dimensions  rather  than 
ii.sing  blueprints. 

4  ( 'atibratian 

4  1  Type  S  Pitot  Tube.  Before  its  initial  use,  care¬ 
fully  examine  the  Type  S  pitot  tube  in  top,  side,  and 

1  nd  views  to  verify  that  the  face  openings  of  the  tube 
are  aligned  within  the  specifications  illustrated  in  Figure 

2  2  or  2-3.  The  pitot  tube  shall  not  be  used  if  it  fails  to 
meet  these  aligiuneut  specifications. 

After  verifying  tl-e  face  opening  alignment,  measure 
and  record  the  following  dimensions  of  the  pitot  tube: 


(a)  the  external  tubing  diameter  (dimension  Di,  Figure 
2“2b);  and  (b)  the  base-to-opening  plane  distances 
(dimensions  Pa  and  Pa,  Figure  2-2b).  If  Di  is  between 
0.48  and  0.95  cm  (M«  and  in.)  and  if  Pa  and  Pa  are 
equal  and  between  1.05  and  1.50  Ri,  there  are  two  possible 
options:  (1)  the  pitot  tube  may  be  calibrated  according 
to  the  procedure  outlined  in  Sections  4.1.2  through 
4.1.5  below,  or  (2)  a  baseline  (isolated  tube)  coefficient 
value  of  0.84  may  be  assigned  to  the  pitot  tube.  Note, 
however,  that  if  the  pitot  tube  is  part  of  an  assembly, 
calibration  may  still  bo  required,  despite  knowledge 
of  the  baseUne  coefficient  value  (see  Section  4.1.1). 

If  Dt,  Pa,  and  Pa  are  outside  the  specified  limits,  the 
pitot  tube  must  be  calibrated  as  outlined  in  4  1.2  through 
4.1.5  below. 

4.1.1  Type  8  Pitot  Tube  Assemblies.  During  .sample 
and  velocity  traverses,  the  isolated  Type  S  pitot  tulre  is 
not  tdways  used;  in  many  instances,  the  pitot  tube  is 
used  in  combination  with  other  source-sampling  compon¬ 
ents  (thermocouple,  sampling  probe,  norzle)  as  part  of 
an  ‘‘as.sembly.”  The  presence  of  other  sampling  compo¬ 
nents  can  sometimes  affect  the  baseline  value  of  the  Type 
S  pitot  tube  coefficient  (Citation  9  in  Section  6);  therefore 
an  assigned  (or  otherwise  known)  baseline  coefficient 


value  may  or  may  not  be  valid  for  a  given  assembly.  The 
baseline  and  assembly  coefficient  values  will  be  identical 
only  when  the  relative  placement  of  the  components  in 
the  assembly  is  such  that  aerodynamic  interference 
effects  are  eliminated.  Figures  2-6  through  2-8  illustrate 
interference-free  component  arrangements  for  Type  S 
pitot  tubes  having  external  tubing  diameters  between 
0,48  and  0.95  cm  (?i«  and  in.).  Type  S  pitot  tube  assem¬ 
blies  that  fail  to  meet  any  or  all  of  the  specifications  of 
Figures  2-6  through  2-8  shall  be  calibrated  according  to 
the  procedure  outlined  in  Sections  4.1.2  through  4.1.6 
below,  and  prior  to  calibration,  the  values  of  the  inter¬ 
component  spaeings  (pitot-noxzle,  pitot-thennocouple, 
pitot-probe  sheath)  shall  be  measured  and  recorded. 

Note.— Do  not  u-se  any  Type  S  pitot  tube  assembly 
which  is  constructed  such  that  the  impact  pre.ssure  open¬ 
ing  plane  of  the  pitot  tube  is  below  the  entry  plane  of  the 
nuzzle  (see  Figure  2-6b). 

4.1.2  Calibration  Setup.  If  the  Type  S  pitot  tube  is  to 
be  calibrated,  one  ieg  of  the  tube  shall  be  permanently 
marked  A,  and  the  other,  t.  Calibration  shall  be  done  in 
a  flow  system  having  the  following  essential  design 
features; 

I 


A.  BOTTOM  VIEW;  SHOWING  MINIMUM  PITOT  NOZZLE  SEPARATION. 


STREAMLINES  APPROACHING  THE 
NOZZLE.  THE  IMPACT  PRESSURE 
OPENING  PLANE  OF  THE  PITOT  TUBE 
SHALL  BE  EVEN  WITH  OR  ABOVE  THE 
NOZZLE  ENTRY  PLANE. 


Figure  2-6.  Proper  pitot  tube  •  sampling  nozzle  configuration  to  preVe'nt 
aerodynamic  interference;  buttonhook  •  type  nozzle;  centers  of  nozzle 
and  pitot  opening  aligned;  Dt  between  0.48  and  0.95  cm  (3/16  and 
3/8  in.). 
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Figure  2-7.  Proper  thermocouple  placement  to  prevent  interference; 
Dt  between  0.48  and  0.95  cm  (3/16  and  3/8  in.). 


I 

I 


Figure  2-8.  Minimum  pitot-sample  probe  separation  needed  to  prevent  interference; 
Dt  between  0.48  and  0.95  cm  (3/16  and  3/8  in.). 


4.1.2.1  The  flowing  gas  stream  must  b«  oonflned  to  a 
duct  of  definite  cross-sectional  are^  either  circular  or 
rectangular.  For  circular  cross-sections,  the  minimum 
duct  diameter  sh^  be  30.5  cm  (12  in.);  for  rectangular 
cross-sections,  the  width  (shorter  side)  shall  be  at  least 
25.4  cm  (10  in.). 

4.1.2.2  The  cross-sectional  area  of  the  calibration  duct 
must  be  constant  over  a  distance  of  10  or  more  duct 
disuneters.  For  a  rectangular  cross-section,  use  an  equiva¬ 
lent  diameter,  calculate  from  the-foUowing  equation, 
to  determine  the  niunber  of  duct  diameters: 


D.= 


2LW 

(.L+W) 


Equation  2-1 

where; 

/),= Equivalent  diameter 
//= Length 
H=Widlh 

To  ensure  the  presence  of  stable,  fully  developed  flow 
I^tterns  at  the  calibration  site,  or  “test  section,”  the 
site  must  be  located  at  least  eight  diameters  dowmstream 
and  two  diameters  upstream  from  the  nearest  disturb¬ 
ances. 

Note.— The  eight-  and  two-diameter  criteria  are  not 
absolute;  other  test  section  locations  may  be  used  (sub¬ 
ject  to  approval  of  the  Administrator),  provided  that  the 
How  at  the  test  site  is  stable  and  demonstrably  parallel 
to  the  duct  aiis. 

4. 1.2.3  The  flow  system  shall  have  the  cai^ity  to 
generate  a  test -section  velocity  around  915  m/min  (3,000 


ft/min).  This  velocity  must  be  constant  with  time  to 
guarantee  steady  flow  during  calibration.  Note  that 
Type  S  pitot  tube  coefficients  obtained  by  single-velocity 
calibration  at  915  m/min  (3,000  ft/min)  will  generally  h« 
valid  to  within  ±3  percent  for  the  measurement  of 
velocities  above  305  m/min  (1,000  ft/min)  and  to  within 
±5  to  6  percent  for  tlie  measurement  of  velocities  be¬ 
tween  180  and  305  m/min  (600  and  1,000  ft/min).  If  a 
more  precise  correlation  between  C.  and  velocity  is 
desired,  the  flow  system  shall  have  the  capacity  to 
generate  at  least  fbuT  distinct,  time-invariant  test -section 
velociUes  covering  the  velocity  range  horn  180  to  1,525 
m.^iin  (600  to  5,^  ft/min),  and  calibration  data  shall 
lie  taken  at  regular  velocity  intervals  over  this  range 
(see  Citations  9  and  14  in  Se^ion  6  for  details). 

4. 1.2.4  Two  entry  ports,  one  each  for  the  standard 
and  Type  S  pttot  tub^  shall  be  cut  in  the  test  section; 
the  standard  pitot  entry  port  shall  be  located  slightly 
downstream  of  the  Type  S  port,  so  that  the  standard 
and  Type  S  impact  openings  will  lie  in  the  same  cross- 
sectional  plane  during  calibration.  To  facilitate  align¬ 
ment  of  the  pitot  tubes  during  calibration,  it  is  advisable 
that  the  test  section  be  constructed  of  plexiglas  or  some 
other  transp^ent  material. 

4.1.3  Calibration  Procedure.  Note  that  this  procedure 
is  a  general  one  and  must  not  be  u.sed  without  tirst 
referring  to  the  special  considerations  presented  in  Sec¬ 
tion  4.1.5.  Note  also  that  this  procedure  applies  only  to 
single-velocity  calibration.  To  obtain  calibration  data 
for  the  A  and  B  sides  of  the  Type  S  pilot  tube,  proceed 
as  follows; 

4.1.3.1  Make  sure  that  tlie  manometer  is  properly 
flUed  and  that  the  oil  is  free  from  contaniinat  ion  and  is  of 
the  proper  density.  Inspect  and  leak-check  all  pitot  lines; 
repair  or  replace  if  necessary. 


4.1.3.2  Level  and  zero  the  mancmeler.  Turn  on  tlie 
fan  and  allow  the  flow  to  stabilize.  Seal  the  Type  S  entry 
port. 

4.1 .8.3  Ensure  that  the  manometer  is  level  and  zeroed. 
Position  the  standard  pitot  tube  at  the  calibration  point 
(determined  as  outlined  in  Setion  4.1.5.1),  and  align  the 
tube  so  that  its  Up  Is  pointed  directly  into  the  flow.  Par¬ 
ticular  care  should  be  taken  in  aligning  the  tube  to  avoiil 
yaw  and  pitch  angles.  Make  sure  tliat  the  entry  (lort 
surrounding  the  tube  is  properly  sealed. 

4.1.3.4  Read  and  record  its  value  in  a  data  table 
similar  to  the  one  shown  in  Figure  2-9.  Remove  tlie 
standard  pitot  lube  from  the  duct  and  disconiu>ct  it  from 
tile  manometer.  Seal  the  standard  entry  jiort. 

4.1. 3.3  Coiuiect  the  Type  S  pitot  tube  to  the  manom¬ 
eter.  Open  the  Type  S  entry  ixirt.  Check  the  manom¬ 
eter  level  and  zero.  Insert  and  align  the  Type  S  pitot  tube 
so  ttiat  its  A  side  impact  opening  is  at  the  same  point  as 
was  the  standattl  pitot  tube  and  is  painted  directly  into 
tlie  How.  Make  sure  that  the  entry  port  sorrouiiding  the 
tube  is  properly  sealed. 

4.1.3.6  Read  Ap.  and  enter  its  value  in  the  data  table. 
Remove  the  Type  S  pitot  tube  from  the  duct  and  dis¬ 
connect  it  from  the  manometer. 

4. 1.3.7  Reiioat  ster«  4.1. 3.3  through  4.1.3.6  above  until 
three  pairs  of  Ap  readings  have  been  obtained. 

4.1.3.8  Reiieat  .steps  4.1.3.3  through  4.1.3.7  above  for 
the  B  side  of  the  Type  S  pitot  tube. 

4. 1.3.9  Perform  cMculaUons,  as  described  in  Section 

4.1.4  below. 

4.1.4  Calculations. 

4.1.4.1  For  each  of  the  six  pairs  of  Ap  reculings  (i.e., 
three  from  side  A  and  three  from  side  B)  obtained  in 
Section  4.1.3  above,  calculate  the  value  of  the  Type  8 
I>itot  tube  coetlicient  as  follows: 
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PITOT  TUBE  IDENTIFICATION  NUMBER: - DATE: 

CALIBRATED  BYf. - - - 


"A"  SIDE  CALIBRATION 

RUN  NO. 

APstd 
cm  H2O 
(in.  H2O) 

AP($) 
cm  H2O 
(in.  H2O) 

Cp(s) 

DEVIATION 
Cp($)  •  Cp(A) 

1 

2 

3 

Cp  (SIDE  A) 

"B"  SIDE  CALIBRATION 

RUN  NO. 

Apstd 
cm  H2O 
(in.  H2O) 

Ap($) 
cmH20 
(in.  H2O) 

Cp($) 

*  DEVIMION 
Cp($)  •  Cpl®l 

1 

2 

3 

Cp  (SIDE  B) 

3  .  -  I 

S  |Cp(s)-Cp(AORB)| 

AVERAGE  DEVIATION  =  o  (A  OR  B)  =  - - —  MUST  BE  <0.01 

3 

I  Cp  (SIDE  A)«Cp  (SIDE  B)  |-4-MUST  BE <0.01 

Figure  2-9.  Pitot  tube  calibration  data. 


Equation  2-2 

wb«re: 

€,{,)= Type  S  pilot  tube  coefficient 
Cf(ni)  ==  Standard  pitot  tube  coefficient;  use  0.99  if  the 
coefficient  is  unknown  and  the  tube  is  designed 


according  to  the  criteria  of  Sections  2.7.1  to 
2.7 .fi  of  this  method. 

Velocity  head  measured  by  the  standard  pitot 
tube,  cm  HiO  (in.  H|0) 

Ap.= Velocity  bead  measured  by  the  Type  8  pitot 
tube,  cm  (in.  H|0) 

4.1.4.2  Calculate  C,  (side  A),  the  mean  A-eide  coef¬ 
ficient,  and  Mde  B),  the  mean  B-eide  coefficient; 
calculate  the  difference  between  these  two  average 
values. 


4.1.4.3  Calculate  the  (Aviation  of  each  of  the  three  A- 
side  values  of  C»(.)  from  C,  (sld^),  and  the  deviation  of 
each  B-side  value  of  C,(.)  from  C,  (side  B).  Use  the  fol¬ 
lowing  equation; 

Deviation  =  Cp(,)  — Cp(  A  or  B) 

Equation  2-3 

4.1.4. 4  Calculate  »,  the  average  deviation  from  the 
moan,  for  both  the  A  and  B  sides  of  the  pitot  tube.  Use 
the  following  equation: 

3  _ 

o  (side  A  or  B)  ; - - - 


Eqtiation  2-4 

4.1.4..5  Use  the  Type  S  pitot  tube  only  if  the  values  of 
c  (side  A)  and  a  (side  B)  are  less  than  or  equal  to  0.01 
and  if  the  absolute  value  of  the  difference  between  C» 
(A)  and  Cp  (B)  is  0.01  or  less. 

4.1.5  Specif  considerations. 

4.1.5.1  Selection  of  caUbration  point. 

4.1.6.1.1  When  an  isolated  Tsrpe  S  pitot  tube  is  cali¬ 
brated,  select  a  calibration  point  at  or  near  the  center  of 
the  duct,  and  follow  the  procedures  outUned  in  Sections 
4.1.3  and  4.1.4  above.  The  Type  S  pitot  coefficients  so 
obtained,  i.e.,  Cp  (side  A)  and  Cp  (side  B),  will  be  valid, 
so  long  as  either:  (1)  the  isolated  pitot  tube  is  used;  or 
(2)  the  pitot  tube  is  used  with  other  components  (nozsle, 
thermocouple,  sample  probe)  in  an  arrangement  that  is 
free  from  aerodynamic  interference  effects  (see  Figures 
2-6  through  2-8). 

4.1.5.1.2  For  Tjq)e  8  pitot  tube-thermocouple  com¬ 
binations  (without  sample  probe),  select  a  calibration 
point  at  or  near  the  center  of  the  duct,  and  follow  the 
procedures  outlined  in  Sections  4.1.3  and  4.1.4  above: 
The  coefficients  so  obtained  will  be  valid  so  iong  as  the 
pitot  tube-thermocouple  combination  is  used  by  itself 
or  with  other  components  in  an  interference-free  arrange* 
ment  (Figures  2-6  and  2-8). 

4.1.5.1.3  For  assemblies  with  sample  probes,  the 
calibration  point  should  be  located  at  or  near  the  center 
of  the  duct;  however,  insertion  of  a  probe  sheath  into  a 
small  duct  may  cause  significant  cross-sectional  area 
blockage  and  yield  incorrect  coefficient  values  (Citation  9 
in  Section  6).  Therefore,  to  minimize  the  blockage  effect, 
Uie  calibration  point  may  be  a  few  inches  off-center  if 
necessary.  The  actual  blMksige  effect  will  be  negligible 
when  the  theoretical  blockage,  as  determined  by  a 
pro)ected-area  model  of  the  probe  sheath,  is  2  percent  or 
less  of  the  duct  cross-sectional  area  for  assemblies  without 
external  sheaths  (Figure  2-lOa);  and  3  percent  or  less  for 
assemblies  with  external  sheaths  (Figure  2-IOb). 

4.1. 5.2  For  those  probe  assemblies  in  which  pitot 
tube-nozzle  interference  is  a  factor  (i.e.,  those  in  which 
the  pitot-nozzel  separation  distance  fails  to  meet  the 
specification  illustrated  in  Figure  2-6a),  the  value  of 
C*(»)  depends  upon  the  amount  of  frce-space  between 
I  he  tube  and  nozzle,  and  therefore  is  a  function  of  nozzle 
size.  In  these  instances,  separate  calibrations  shall  be 
performed  with  each  of  the  commonly  used  nozzle  sizes 
in  place.  Note  that  the  single-velocity  calibration  tech¬ 
nique  is  acceptable  for  this  purpose,  even  though  the 
larger  nozzle'sizes  (>0.635  cm  or  H  in.)  are  not  ordinarily 
us^  for  isokinetic  sampUng  at  velocities  around  915 
m/min  (3,000  ftAmn),  which  is  the  calibration  velocity; 
note  also  that  it  is  not  necessary  to  draw  an  isokinetic 
sample  during  calibration  (see  Citation  19  in  Section  6). 

4.1.5.3  For  a  probe  assembly  constructed  such  that 
Its  pitot  tube  is  always  used  in  the  same  orientation,  only 
one  side  of  the  pitot  tube  need  be  calibrated  (the  side 
which  foce  the  flow).  The  pitot  tube  must  still  meet 
the  alignment  specifications  of  Figure  2-2  or  2-3,  however, 
and  must  have  an  average  deviation  (a)  value  of  0.01  or 
less  (see  Section  4.1.4.4), 
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Figure  2-10.  Projected  area  models  for  typical  pitot  tube  assemblies. 


4.1.6  Field  Use  and  Recalibralion. 

4. 1.6.1  Field  Use. 

4.1.6.1.1  When  a  Type  S  pilot  tube  (isolated  tulie  or 
assembly)  is  used  in  the  field,  the  appropriate  coefficient 
value  (whether  assigned  or  obtained  by  calibration )  shall 
be  used  to  perform  velocity  calculations.  For  calibrated 
Type  8  pitot  tubes,  the  A  side  coefficient  shall  be  used 
when  the  A  side  of  the  tube  faces  the  flow,  and  the  B  side 
coefficient  shall  be  used  when  the  B  side  faces  the  flow; 
alternatively,  the  arithmetic  average  of  the  A  and  B  side 
coefficient  values  may  be  used,  irrespective  of  which  side 
faces  the  flow. 

4.1.6.1.2  When  a  probe  a.ssembly  is  used  to  sample  a 
small  duct  (12  to  36  in.  in  diameter),  the  probe  sheath 
sometimes  blocks  a  significant  part  of  the  duct  cross- 
section,  causing  a  reduction  in  the  etiective  value  of 

Consult  Citation  9  in  Section  6  for  details.  Con¬ 
ventional  pitot -sampling  probe  assemblies  are  not 
recommended  for  use  in  ducts  having  inside  diameters 
smaller  than  12  inches  (Citation  16  in  Section  6). 

4.1.6.2  Recalibration. 

4.1 .6.2.1  Isolated  Pitot  Tubes.  After  each  field  use,  the 
pitot  tube  shall  be  carefully  reexamined  in  top,  side,  and 
end  views.  If  the  pitot  f^e  openings  are  still  aligned 
within  the  specifications  illustrated  in  Figure  2-2  or  2-3, 
it  can  be  assumed  that  the  baseline  eoetficient  of  the  pitot 
tube  has  not  changed.  If,  however,  the  tube  has  been 
damaged  to  the  extent  that  it  no  longer  meets  the  specifi¬ 
cations  of  Figure  2-2  or  2-3,  the  damage  shall  either  be 
repaired  to  restore  proper  alignment  of  the  face  openings 
or  the  tube  shall  be  discarded. 

4.1.6.2.2  Pitot  Tube  Assemblies.  After  each  field  use, 
check  the  face  opening  alignment  of  the  pitot  tube,  as 
in  Section  4.1.6.2.1;  also,  remeasure  the  intercomponent 
spacings  of  the  assembly.  If  the  Intercomponent  spaclngs 
have  not  changed  and  the  face  opening  alignment  is 
acceptable,  it  can  be  assumed  that  the  coefficient  of  the 
assembly  has  not  changed.  If  the  face  opening  alignment 
is  no  longer  within  the  specifications  of  Figures  2-2  or 
2-3,  either  repair  the  damage  or  replace  the  pitot  tube 
(calibrating  the  new  assembly,  if  necessary).  If  the  inter¬ 
component  spacings  have  changed,  restore  the  original 
spacings  or  recalibrate  the  assembly. 

4.2  Standard  pitot  tube  (if  applicable).  If  a  standard 
pitot  tube  is  used  for  the  velocity  traverse,  the  tube  shall 
ne  constructed  according  to  the  criteria  of  ^tion  2.7  and 
shall  be  assigned  a  ba^ne  coefficient  value  of  0.99.  It 
the  standard  pitot  tube  is  used  as  part  of  an  assembly. 


the  tube  shall  be  in  an  interference-tree  arrangement 
(subject  to  the  approval  of  the  Administrator). 

4.3  Temperature  Gauges.  After  each  field  use.  cali¬ 
brate  dial  thermometers,  liquid-filled  bulb  thermom¬ 
eters,  thermocouple-potentiometer  systems,  and  other 
gauges  at  a  temperature  within  10  percent  of  the  average 
absolute  stack  temperature.  For  temperatiu-es  up  to 
406°  C  (761°  F),  use  an  ASTM  mercury-in-giass  reference 
thermometer,  or  equivalent,  as  a  reference;  alternatively, 
either  a  reference  thermocouple  and  potentiometer 
(calibrated  by  NBS)  or  thermoinetric  lix^  points,  e.g., 
ice  bath  and  boiling  water  (corrected  (or  barometric 
pressure)  may  be  used.  For  terai'eraiures  above  405°  C 
(761°  F),  use  an  NBS-calibrated  reference  thermocouple- 
potentiometer  system  or  an  alternate  reference,  subject 
to  the  approval  of  the  Administrator. 

If,  during  calibration,  the  ab.sohite  temperatures  meas¬ 
ured  with  the  gauge  being  calibrated  and  the  reference 
gauge  agree  within  1.5  percent,  the  temperature  data 
taken  in  the  field  shall  be  considered  valid.  Otherwise, 
the  pollutant  emission  test  shall  either  be  considered 
invalid  or  adjustments  (if  appropriate )  of  the  test  resjilts 
shall  be  made,  subject  to  the  approval  of  the  Administra¬ 
tor. 

4.4  Barometer.  Calibrate  the  barometer  used  against 
a  mercury  barometer. 

5.  Caleulationi 

Carry  out  calculations,  retaining  at  leasst  one  extra 
decimal  figure  beyond  that  of  the  acquired  data.  Round 
oil  figures  after  final  calculation. 

5.1  Nomenclature. 

A = Cross-sectional  area  of  stack,  m*  (ft*). 

I?„,=Water  vapor  in  the  gas  stream  (from  Method  n  or 
Reference  Method  4),  proportion  by  volume, 

C,= Pitot  tube  coefficient,  dimensionless. 

A', = Pitot  tube  constant, 

Q7  JL  r (g/g-mole)(mm  ng)~|‘/» 

^^'secL  (°K)(mmH20)  J 

for  the  metric  system  and 

oc  .in  ft  Tig)"!*'* 

®^^^secL  (°K)(iii.H,0)  J 


for  the  English  system. 

.V/g=  Molecular  weight  of  .stack  gas,  dry  basis  (see 
Section  3.6)  g,/g-mole.(lb/lb-mole). 

A/. ^Molecular  weight  of  stack  gas,  wet  basis,  g/g- 
mole  Ob/lb-mole). 

=.\fi  (1— B„)-l-18.0  B«,  Equation  2 -5 

Bb»r= Barometric  pressure  at  measurement  site,  mm 
.  llg  (in.  Hg). 

P, =Stack  static  pressure,  mm  Ilg  (in.  Hg). 
B,=Absolute  stack  gas  pressure,  mm  Ilg  (in.  Ilg). 

=  Pb«r-i-Bf  Equation  2-6 

P.td  =  Standard  absolute  pressure,  760  mm  Hg  (29.92 
in.  Hg).  V 

Q, d=Dry  volmnetric  stack  gas  flow  rate  corrected  to 

standard  conditions,  dsem/hr  (dscf/'ln). 
t,=Stack  temperature,  °C  (°F). 

^  2’,=Absolute  stack  temperature,  °K  (°R). 

«=273-(-f,  for  metric  Equation  2-7 

=460-f  f.  for  English  Equation  2-8 

7’rtd  =  8tandardabsohite temperature, 293°K  (.528°  R) 
r.=Aver^e  stack  gas  velocity,  m/sec  (fl/sec). 
Ap=V'elocity  head  of  stack  gas,  mm  H|0  (in.  IIiO). 
3,600=  Conversion  factor,  sec/hr. 

18.0=  Molecular  weight  of  water,  g/g-mole  Ob-lb- 
mole). 

5.2  Average  stack  gas  velocity. 

r.=  A'pCp(V^.T, 


Equation  2-9 

5.3  Average  stack  gas  dry  volumetric  flow  rate. 

(?^=3,600(l-i?..)p.^  (£) 

Equation  2-10 
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.Method  3— Gas  Analysis  for  Carbon  Dioxide, 

Oxygen,  Excess  Air,  and  Dry  Molecular  Weight 

1.  Principle  and  Applicability 

1.1  Principle.  A  gas  sample  is  extracted  from  a  stack, 
by  one  of  the  following  methods:  (1)  single-point,  grab 
siunpling;  (2)  single-point,  integrated  sampling;  or  (3) 
multi-ixiint,  integrated  sampling.  The  gas  sample  is 
analyzed  for  in'reent  carixm  dioxide  (COj),  percent  oxy¬ 
gen  (Oz),  and,  if  necessary,  percent  carbon  monoxide 
(CO).  If  a  dry  molecular  weight  determination  is  to  be 
made,  either  an  Orsat  or  a  Fyrite  '  analyzer  may  be  used 
for  the  analysis;  for  excess  air  or  emission  rate  correction 
factor  determination,  an  Orsat  analyzer  must  be  used. 

1.2  Applicability.  This  method  is  applicable  for  de¬ 
termining  COz  and  Oz  concentrations,  excess  air,  and 
dry  molecular  weight  of  a  sample  from  a  gas  stream  of  a 
fos.sil-fuel  combiLstion  process.  The  met  hod  iz’.ay  also  be 
apfili cable  to  ot  her  jirocesses  where  it  has  been  determined 
that  comixiunds  other  than  COz,  Oi,  CO,  and  nitrogen 
(Nz)  are  not  present  in  concentrations  sufficient  to 
affi'et  the  results. 

Other  methods,  as  well  as  modifications  to  the  proce¬ 
dure  desi'rllied  herein,  are  also  applicable  for  some  or  all 
of  the  above  determinations.  Examples  of  specific  meth- 
<k1s  and  mollifications  include;  (1)  a  multi-point  sam|v 
ling  method  using  an  Orsat  analyzer  to  analyze  indi¬ 
vidual  grab  samples  obtained  at  each  point;  (2)  a  method 
iLsing  (.'Oz  or  Oz  and  stoichiometric  calculations  to  deter¬ 
mine  dry  molecular  weight  and  excess  ^r;  (3^  assigning  a 
value  of  30.0  for  dry  molecular  weight,  in  lieu  of  actual 
measurements,  for  processes  burning  natiual  gas,  coal,  or 
oil.  These  methods  and  modifications  may  lie  used,  but 
are  subject  to  the  apiiroval  of  the  Administrator. 

2.  Apparalits 

As  an  alternalive  to  the  sampling  npiiuiatus  and  sys¬ 
tems  descrilx'd  herein,  other  sampling  systems  (e.g., 
liquid  di.splacement)  may  be  used  provided  such  systenLs 
are  capable  of  obtaining  a  representative  sample  and 
maintaining  a  constant  sampling  rate,  and  are  otherwise 
capable  of  yielding  acceptable  results.  Use  of  such 
systems  is  subject  to  the  approval  of  the  Administrator. 

’  2.1  Grab  Sampling  (Figure  3-1). 

2.1.1  Probe.  The  prolie  should  be  made  of  stainless 
steel  or  borosilicatc  glass  tubing  and  should  lie  eiiuipped 
with  an  in-stack  or  out-stack  filter  to  remove  particulate 
matter  (a  plug  of  glass  wool  is  sati.sfactory  for  this  pur- 
|)ose).  Any  other  material  inert  to  Oz,  COz,  CO,  and  Nz 
and  resistant  to  temperature  at  sampling  conditions  may 
lie  used  for  the  probe;  examples  of  such  material  are 
aluminum,  copper,  quartz  glass  and  Teflon. 

2.1.2  Pump.  A  one-way  squeeze  bulb,  or  equivalent, 
is  iLsed  to  transport  the  gas  sample  to  the  analyzer. 

2.2  Integrated  Sampling  (Figure  3-2).' 

2.2.1  Probe.  A  probe  such  as  that  descrilx'd  in  Section 

2.1.1  is  suitable. 


I  Mention  of  trade  names  or  spei'lfic  products  dcxis  not 
constitute  endorsement  by  the  Environmental  Protec¬ 
tion  Agency. 
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Figure  3-1.  Grab  sampling  train. 


BAG 


Figure  3-2.  Integrated  gas-sampling  train. 
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5.2.2  Condenser.  An  air-oooled  or  wftler-eooled  con¬ 
denser,  or  other  condenser  that  will  not  remove  0», 
COj,  CO,  and  Nj,may  be  used  to  remove  excess  mowtore 
which  would  Interfere  with  the  operation  of  the  pump 
and  flow  meter. 

2.2.3  Valve.  A  needle  valve  is  used  to  adjust  sample 
p.ts  flow  rate. 

2.2  4  I’ump.  A  leak-free,  diaphragm-type  pump,  or 
ei|uivalent.  is  used  to  transport  sample  gas  to  the  flexible 
b.ig.  Install  a  small  surge  tank  between  the  pump  and 
rate  meter  to  eliminate  the  pulsation  effect  of  the  dia¬ 
phragm  pump  on  the  rotameter. 

2.2.6  Kate  6!eter.  The  rotameter,  or  equivalent  rate 
meU-r,  used  should  Ire  capable  of  measiuing  flow  rate 
to  within  ±2  percent  of  the  selected  flow  rate.  A  flow 
rate  range  of  500  to  1000  cniVmin  is  suggested. 

2.2.6  Flexible  Bag.  Any  leak-free  plastic  (e.g.,  Tedlar, 
Mylar,  Teflon)  or  plastic-coated  aluminum  (e.g.,  alumi¬ 
nized  Mylar)  bag,  or  etjuivalent,  having  a  capacity 
consistent  with  the  selected  flow  rate  and  time  length 
of  the  test  run,  may  be  used.  A  capacity  in  the  range  of 
66  to  90  liters  is  suggested. 

To  leak-check  the  bag,  connect  it  to  a  water  manometer 
and  pressurize  the  bag  to  5  to  10cm  IhO  t2  to  4  in.  II2O). 
Allow  to  stand  for  10  minutes.  Any  displacement  in  the 
water  manometer  indicates  a  leak.  An  alternative  leak- 
cheek  method  is  to  pre.ssurize  the  bag  to  5  to  10  cm  HjO 
(2  to  4  in.  H2O)  and  allow  to  stand  overnight.  A  deflated 
bag  indicates  a  leak. 

2.2.7  Pressure  Gauge.  A  water-filled  U-tnbe  manom¬ 
eter,  or  equivalent,  of  almnl  28  cm  (12  in.)  is  used  for 
the  flexible  bag  leak-chee'k. 

2.2.8  Vacuum  Gauge.  A  mercury  manometer,  or 
ojuivalent,  of  at  least  760  mm  Hg  (30  in.  Hg)  is  used  (or 
the  sampling  train  leak-check. 

2.3  Analysis.  For  Orsat  and  Fyrite  analyzer  main- 
teiuince  and  operation  prot'edures,  follow  the  instructions 
recommended  by  the  manufacturer,  unless  otherwise 
siHH'ilied  herein. 

2.3.1  Dry  Molecular  Weight  Determination.  An  Orsat 
analyzer  or  Fyrite  type  combustion  gas  analyzer  may  be 
li.^ed. 

2.3.2  Emission  Rate  Correction  Factor  or  Excess  Air 
Determination.  An  Orsat  analyzer  must  be  used.  For 
low  CO5  fle.ss  than  4.0  percent)  or  high  Oi  (greater  than 
1.6.0  percent)  concentiations,  the  measuring  burette  of 
the  Orsat  must  have  at  least  0.1  percent  subdivi.sions. 

3  Dry  Moltcular  WdyM  DiUrmination 

Any  of  the  three  sampling  and  analytical  procedures 
des<Tibed  below  may  be  used  for  determining  the  dry 
molecular  weight. 

31  Single-Point,  Grab  Sampling  and  Analytical 
I’rocedure. 

3.1.1  The  sampling  jroint  in  the  duct  shall  either  be 
at  the  centroid  of  the  cross  station  or  at  a  point  no  closer 
to  the  walls  than  1 .00  m  (3.3  ft ),  unless  otherwise  specified 
by  the  Administrator. 

3.1.2  Set  up  the  equipment  as  shown  in  Figure  3-1, 
making  sure  ^1  connections  ahead  of  the  analyzer  are 
tight  and  leak-free.  If  an  Orsat  analyzer  is  us^,  it  is 
recommended  that  the  analyzer  be  leaked-<'he<.-ked  by 
following  the  procedure  in  Section  5;  however,  the  leak- 
check  is  optional. 

3.1.3  Place  the  probe  in  the  stack,  with  the  tip  of  the 
probe  positioned  at  the  sampling  point;  purge  the  sampl¬ 
ing  line.  Draw  a  sample,  into  the  analyzer  and  imme¬ 
diately  analyze  it  for  iiercent  CO j  and  percent  Oz.  Deter¬ 
mine  the  percentage  of  the  gas  that  is  N|  and  CO  by 
subtracting  the  sum  of  the  iiercent  COj  and  percent  Oj 
from  100  jn'rcent.  ('alc  ilale  the  dry  molecular  weight  as 
indicated  in  Section  6.3. 

3.1.4  Repeat  tlie  sampling,  analysis,  and  calculation 
procedures,  until  the  dry  molecular  weights  of  any  three 
grab  samples  differ  from  their  mean  by  no  more  than 
(1.3  g/g-mole  (0.3  Ib.flb-mole).  Average  these  three  molec¬ 
ular  weights,  and  report  the  results  to  the  nearest 
0.1  g.'g-mole  (Ib/lb-mole). 

3.2  Single-Point,  Integrated  Sampling  and  .Analytical 
Ifroeedurc. 

3.2.1  Tile  sampling  |ioint  in  the  duct  shall  be  located 
a.' specified  in  Section  3.1.1. 

3.2.2  Leak-check  (optional)  tlie  flexible  bag  as  in 
Fection  2.2.6.  Set  up  tlie  equipment  as  shown  in  Figure 
3-2.  Just  jirior  to  sampling,  h'ak-check  (optional)  the 
train  by  placing  a  vacuum  gauge  at  the  condenser  inlet, 
pulling  a  vacuum  of  at  least  2.60  mm  Ilg  (10  in.  llg), 
plugging  the  outlet  at  tiie  quick  disconnect,  and  then 
tuniing  off  tlie  pumi>.  1'lie  vacuum  sliould  remain  stable 
for  at  least  0..6  minute.  Evacuate  tlie  flexible  bag.  ('onnect 
the  probe  and  place  it  in  tlie  stack,  witli  the  tip  of  the 
probe  positioned  at  the  sampling  ixiint;  purge  the  sampl¬ 
ing  line.  -Next,  connect  the  bag  and  make  sure  that  all 
connections  are  tight  and  leak  free. 

3.2.3  Faniple  at  a  constant  rate.  The  sampling  nm 
should  be  simultaneous  with,  and  for  the  same  total 
length  of  time  as.  the  pollutant  emission  rate  detennina- 
tion.  Collection  of  at  lea,st  30  liters  (l.tK)  ft*)  of  sample  gas 
IS  recommended;  however,  smaller  volumes  may  be 
collected,  if  desired. 

3  2.4  Obtain  one  integrated  flue  gas  sample  during 
each  pollutant  emis,sion  late  deteniiination.  Within  8 
lioiirs  after  the  sample  is  taken,  analyze  it  for  percent 
COj  and  percent  Oj  using  either  an  Orsat  analyzer  or  a 
Fyrite-type  combustion  gas  analyziT.  If  an  Orsat  ana¬ 
lyzer  is  used,  it  is  recommended  that  the  Orsat  leak- 
<  lieck  described  in  Section  5  be  performed  before  this 
determination;  however,  the  check  is  optional.  Deter¬ 
mine  the  percentage  of  the  gas  that  Is  Nj  and  CO  by  sub¬ 
tracting  the  stun  of  the  percent  CO.  and  percent  Oj 
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from  100  percent.  Calcnilate  the  dry  molecular  weight  as 
indicated  in  Section  0.3. 

3.2.5  Kapaat  the  analysis  and  calculation  procedures 
until  the  individual  dry  molecular  weights  for  any  three 
analyses  differ  from  their  mean  by  no  more  t^n  0.3 
g/g-mole  (0.3  Ih/lb-mole).  Average  tliMe  three  molecular 
weights,  and  report  the  results  to  the  nearest  0.1  g/g-mole 
(0.1  Ib/lb-mole). 

3.3  Multi-Point,  Integiafed  Sampling  and  Analytical 
Procedure. 

3.3.1  Unless  otherwi.se  specified  by  the  Adminis¬ 
trator,  a  minimum  of  eight  traverse  points  shall  be  used 
for  circular  stocks  having  diameters  less  then  0.61  m 
(24  in.),  a  minimum  of  nine  shall  be  u.sed  for  rectangular 
stacks  having  e<}uivalent  diameters  less  than  0.61  m 
(24  in.),  and  a  minimum  of  twelve  traverse  points  shall 
be  used  for  all  other  cases.  The  traverse  points  shall  be 
located  according  to  Method  1.  The  use  of  fewer  points 
is  subject  to  approval  of  the  Administrator. 

3.3.2  Follow  the  procedures  outlined  in  Sect  ions  3.2.2 
through  3.2.5,  except  for  the  following:  traverse  all  sani- 
pling  points  and  sample  at  each  point  for  an  eiiual  length 
of  time.  Record  sampling  data  as  shown  in  Figure  3-.3. 


4.  Emimon  Rate  Cvrreetien  Fattor  or  Eietti  Air  Dtler- 

minution 

Note.— A  Fyrite-type  combustion  gas  analyzer  is  not 
acceptable  (or  excess  air  or  emission  rate  correction  (actor 
determination,  unless  approved  by  the  Administrator. 
If  both  percent  COi  and  percent  Oi  are  measur^,  the 
analytical  results  of  any  of  the  three  procedures  given 
below  may  also  be  used  (or  calculating  the  dry  molecular 
weight. 

Each  of  the  three  procedures  below  shall  be  used  only 
when  specified  in  an  applicable  subpart  of  the  standards. 
The  use  of  these  procedures  for  other  purposes  must  have 
specific  prior  approval  of  the  Administrator. 

4.1  Siiigle-l’oiut,  Grab  Sampling  aud  Analytical 
Procedure. 

4.1.1  The  sampling  point  in  the  duet  shall  either  be 
at  the  centroid  of  the  cross-section  orat  a  ixiiiit  no  clo.«i  r 
10  the  walls  than  l.(X)  m  (3.3  ft),  unless  otherwise  specified 
by  the  Administrator. 

4.1.2  Set  up  the  equipment  as  shown  in  Figure  3-1, 
making  sure  all  connections  ahead  of  the  analyzer  are 
light  and  leak-free.  Leak-check  the  Orsat  analyzer  ac¬ 
cording  to  the  procedure  described  in  Section  ‘5.  This 
leak -check  is  mandatory. 
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Figure  3  3.  Sampling  rate  data. 


4.1.3  Place  the  probe  in  the  .stack,  w  itli  the  tip  of  (he 
probe  positioned  at  the  sampling  point;  purge  the  sam¬ 
pling  liue.  Draw  a  sample  into  the  analyzer.  F'or  emission 
rate  oorrection  foctor  determination,  immediately  ana¬ 
lyze  the  sanmie,  as  outlined  in  Sections  4.1.4  and  4.1.5, 
for  percent  C02  or  percent  Oj.  If  excess  air  is  desired, 
proceed  as  follows:  (1)  immediately  analyze  the  sample, 
as  in  Sections  4.1.4  and  4.1.5,  for  percent  CO:.  Ot,  and 
CO;  (2)  determine  the  percentage  of  the  gas  that  Is  Ni 
by  subtracting  the  sum  of  the  percent  CO;,  pereent  Oi, 
and  percent  CO  from  1(X)  pereent;  and  (3)  calculate 
percent  excess  air  as  outlined  In  Section  6.2. 

4.1.4  To  ensure  complete  absorption  of  the  CO;,  O;, 
or  if  applicable,  CO,  make  repeated  passes  through  each 
absorbing  solution  until  two  consiMiutive  readings  are 
the  same.  Several  passes  (three  or  four)  should  be  made 
between  readings.  (If  eoiuslaiit  readings  cannot  be 
obtained  after  three  consecutive  readings,  replace  the 
alisorbing  .solution.) 

4.1.5  After  the  analysis  is  completed,  leak-cliei'k 
(mandatory)  the  Orsat  analyzer  oiicc  again,  a.s  described 
in  Section  5.  For  the  resulus  of  the  analysis  to  be  valid, 
the  Orsat  analyzer  must  pass  this  leak  test  liefore  and 
after  the  analysis.  Note.— Since  this  singlc-iioiiit,  grab 
sampling  and  analytical  ptwcdiirc  is  normally  conducted 
in  conjunction  with  a  single-point,  grab  sampling  and 
analytical  procedure  (or  a  piillutant,  only  one  analysis 
is  ordinarily  conducted.  Tlierefore.  great  care  must  ho 
taken  to  obtain  a  valid  sample  and  analysis.  Although 
in  most  eases  only  COj  or  0:  is  required,  it  is  recom¬ 
mended  that  both  COt  and  O;  be  mea.sured,  and  that 
Citation  .6  in  the  Bibliography  be  used  to  validate  the 
analytical  data. 

4.2  Singlc-l’oiiil ,  Integrated  .Sampling  and  .Analytical 
I’rot'ediire. 

4.2.1  The  sampling  jioint  in  tlie  duct  shall  he  loi’ated 
as  siiecilied  in  Si'ction  4.1.1. 

4.2.2  I.ieak -check  (mandatory)  the  llexiblc  hag  as  in 
Section  2.2.6.  Set  up  the  eiiuipniciit  as  shown  in  Figure 
3-2.  Just  prior  to  sampling,  leak-chei'k  (mandatory)  the 
train  by  placing  a  vacuum  gauge  at  the  epudeiiser  inlet, 
pulling  a  vaemum  of  at  least  250  mm  Hg  (10  in.  Hg), 
plugging  the  outlet  at  the  quick  disconnect,  and  then 


turning  off  the  pump.  The  vacuum  shall  remain  stable 
for  at  least  0.5  minute.  Evacuate  the  flexible  b^.  Con¬ 
nect  the  probe  and  place  it  in  the  stack,  with  the  tip  of  the 
probe  positioned  at  the  sampling  point;  purge  the  sam- 
(iling  line.  Next,  connect  the  hag  and  make  sure  that 
all  eounecrions  arc  tight  and  leak  free. 

4.2.3  Sample  at  a  constant  rate,  or  as  specified  by  the 
Administrator.  The  sampling  nm  mnst  be  .simultaneous 
with,  and  for  tlie  same  total  length  of  time  as,  the  pollut¬ 
ant  emiasioii  rate  determination.  Collect  at  least  30 
liters  (LOO  fi*)  of  sample  gas.  Smaller  volumes  may  be 
collected,  subject  to  approval  of  the  Administrator. 

4.2.4  Obtain  one  integrated  flue  gas  sample  during 
each  pollutant  emission  rate  determluation.  For  emission 
rate  correction  factor  detennination,  analyze  the  sample 
witliiu  4  hours  after  it  is  taken  (or  percent  C'O:  or  percent 
O:  (as  ouilincd  in  Sections  4.2.5  through  4.2.7).  The 
Or.sat  analyzer  must  be  leak-i'lwked  (si'C  Seciioii  5) 
Iiefore  the  aiuilysis.  If  excess  air  is  do.sired,  pnx’eed  as 
follows:  (1)  within  4  hours  after  the  sample  is  taken, 
analyze  it  (as  in  Seeiions  4.2.5  through  4.2.7)  for  |X'reent 
CO;.  O;.  and  CO;  (2)  detennine  (he  percentage  of  the 
gasthat  is  N;  by  sulilraeting  the  .sum  of  the  ix'reent  CO;, 
percent  O;,  and  percent  CO  from  100  jx>rcent:  (tJ)  cal¬ 
culate  percent  exi-ess  air,  as  outlined  in  Section  6.2. 

4.2.5  To  ensure  complete  absorption  of  the  CO;,  O:. 
or  if  applicable,  CO,  make,  repeated  jiasses  through  eaiTi 
alisorbing  solution  until  two  consecutive  reailiiigs  are  the 
.same.  Several  iiasses  (three  or  four)  should  be  made  be¬ 
tween  readings.  (If  constant  readings  cannot  lx*  obtained 
after  three  consecutive  readings,  replace  the  absorbing 
solution.) 

4.2.8  Rei^at  the  analysis  until  the  following  criteria 
are  met : 

4.2.fl.l  For  percent  COj,  reix'at  the  analytical  pro¬ 
cedure  until  the  results  of  any  three  analyses  differ  by  no 
more  than  (a)  0.3  percent  by  volume  wlien  COj  is  greater 
than  4.0  percent  or  (b)  0.2  percent  by  volume  when  CO: 
is  less  than  or  equal  to  4.0  percent.  Average  the  three  ac¬ 
ceptable  values  of  percent  CO:  and  report  the  results  to 
the  nearest  0.1  percent. 

4.2.6.2  For  percent  O;.  repeat  the  analytical  procedure 
until  the  results  of  any  three  analyses  differ  by  no  more 


FEDERAL  REGISTER,  VOL.  42,  NO.  160 — THURSDAY,  AUGUST  18.  1977 


RULES  AND  REGULATIONS 


41771 


than  (a)  0.3  percent  by  volume  when  Oj  is  less  than  15.0 
percent  or  ^b)  0.2  percent  by  volume  when  Oj  is  greater 
than  15.0  percent.  Average  the  three  acceptable  values  of 
percent  O2  and  report  the  results  to  the  nearest  0.1 
percent. 

4.2.6.3  For  percent  CO,  repeat  the  analytical  proce¬ 
dure  until  the  results  of  any  three  analyses  differ  by  no 
more  than  0.3  percent.  Average  the  three  acceptable 
values  of  percent  CO  and  reix)rt  the  results  to  the  nearest 
0.1  percent. 

4.2.7  After  the  analysis  is  completed,  leak-check 
(mandatory)  the  Orsat  analyzer  once  again,  as  descritied 
in  Section  5.  For  the  resuits  of  the  analysis  to  be  valid,  the 
Orsat  analyzer  must  pass  this  leak  test  before  and  after 
the  analysis.  Note:  Although  in  most  instances  only  CO; 
or  Oi  is  required,  it  is  recommended  that  both  CO;  and 
Oj  be  measured,  and  that  Citation  5  in  the  Bibliography 
be  used  to  validate  the  analytical  data. 

4.3  Multi-Point,  Integrated  Sampling  and  Analytical 
Procedure. 

4.3.1  Both  the  minimum  number  of  sampling  points 
and  the  sampling  point  location  shall  be  as  sp^ified  in 
Section  3.3.1  of  this  method.  The  use  of  fewer  points  than 
specified  is  Mbject  to  the  approval t>f  the  Administrator. 

4.3.2  Follow  the  procedures  outlined  in  Sections  4.2.2 
through  4.2.7,  except  for  the  following:  Traverse  ali 
sampling  points  and'sample  at  each  point  for  an  equal 
length  of  time.  Record  sampling  data  as  shown  in  Fi^re 

3- 3. 

5.  Leak-Check  Procedure  for  Orsat  Analyzers 

Moving  an  Orsat  analyzer  frequently  causes  it  to  leak. 
Therefore,  an  Orsat  analyzer  should  be  thoroughly  leak- 
checked  on  site  before  the  flue  gas  sample  is  introduced 
into  it.  The  procedure  for  leak-checking  an  Orsat  analyzer 
is: 

5.1.1  Bring  the  liquid  level  in  each  pipette  up  to  the 
reference  mark  on  the  capillary  tubing  and  then  close  the 
pipette  stopcock. 

5.1.2  Raise  the  leveling  bulb  sufficiently  to  bring  the 
confining  litiuid  meniscus  onto  tlie  graduated  portion  of 
the  burette  and  then  close  the  manifold  stopcock. 

5.1.3  Record  the  meniscus  position. 

5.1.4  Observe  the  meniscus  in  the  burette  and  the 
liquid  level  in  the  pipette  for  movement  over  the  next  4 
minutes. 

5.1.5  For  the  Orsat  analyzer  to  pass  the  leak-check, 
two  conditions  must  be  met. 

5.1.5.1  The  liquid  level  in  each  pipette  must  not  fall 
below  the  bottom  of  the  capillary  tubing  during  this 

4- minuteinterval. 

5.1.5.2  The  meniscus  in  the  burette  must  not  change 
by  more  than  0.2  ml  during  this  4-mlnute  interval. 

5.1.6  If  the  analyzer  fails  the  leak-check  procedure,  all 
rubber  connections  and  stopcocks  should  be  checked 
until  the  cause  of  the  leak  is  identified.  Leaking  stopcocks 
must  be  disassembled,  cleaned,  and  regreased.  Leaking 
rubber  connections  must  be  replaced.  After  the  analyzer 
is  reassembled,  the  leak-check  procedure  must  be 
repeated. 


6.  Calculations 

6.1  Nomenclature. 

Afi=Dry  molecular  weight,  g,'g-mole  (lb  Ib-niole). 
%EA=Peroent  excess  air. 

%COj=Percent  COiby  volume  (dry  basis). 

%Oj=  Percent  Oi  by  volume  (dry  basis). 

C'co  =  Percent  CO  by  volume  (dry  basis). 

%N}=  Percent  Nj  by  volume  (dry  basis). 

0.264=  Ratio  of  Os  to  Ns  in  air,  v/v. 

0.2ti0=Molecular  weight  of  Ns  or  CO,  divided  by  100. 
0.320= Molecular  weight  of  O-  divided  by  llX). 

0.440= Molecular  weight  of  COs  divided  by  100. 

6.2  Percent  Excess  Air.  Calculate  the  percent  excess 
air  (if  applicable),  by  substituting  the  api'ropriate 
values  of  pieicent  Os,  CO,  and  N;  (obtained  from  Section 
4.1.3  or  4.2.4)  into  Eiiuation  3-1. 

_ %o<r0-iSCO _ -] 

0.204  %N,  ( '“cO.-  0..i  CtCOl  J 

Equation  3-1 

Note. — Tlie  equation  above  assumes  that  ambient 
air  is  used  as  the  source  of  O3  and  that  the  fuel  does  not 
contain  appreciable  amounts  of  N*  (as  do  coke  oven  or 
blast  furnace  gast's).  For  those  cases  when  appreciable 
amounts  of  Ns  are  present  (coal,  oil,  and  natural  gas 
do  not  contain  apjweciable  amounts  of  Ni)  or  when 
oxygen  enrichment  is  used,  alternate  methods,  subject 
to  approval  of  the  Administrator,  are  reiiuired. 

6.3  Dry  Molecular  Weight.  I'se  E(|uation  3-2  to 
calculate  the  dry  molecular  weight  of  the  stai’k  gas 

.’V/J=0.440^'"cCO^)-^-0.320('“,0:)-|-0.280(f^Ns-^-'“cCO) 

l]<luation  3-2 

Note.— The  above  equation  diH's  not  consider  argon 
in  air  (about  O.'J  t>ercent,  molecular  w'cight  of  37.7). 
A  negative  error  of  about  0.4  percent  is  introduced. 
The  tester  may  dpt  to  include  argon  in  the  analysis  using 
procedures  subject  to  approval  of  the  Administrator. 
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Method  4— Determix.xtton  or  Moistvre  Content 
IN  Stack  Gases 

1.  Principle  and  Applicability 

1.1  Principle.  -A  gas  sample  is  extracted  at  a  const.vit 
rate  from  the  source;  moisture  is  removed  from  the  sam¬ 
ple  stream  and  determined  either  volumetrically  ot 
gravimetrically. 

1.2  Applicability.  This  method  is  applicable  for 
determining  the  moisture  content  of  stack  gas. 

Two  procedures  are  given.  The  first  is  a  reference 
method,  for  accurate  determinations  of  moisture  content 
(such  as  are  needed  to  calculate  emission  data).  The 
second  is  an  approximation  method,  which  provides 
estimates  of  pircent  moisture  to  aid  in  setting  isokinetic 
s;tmpliug  rates  prior  to  a  pollutant  emission  measure¬ 
ment  run.  The  approximation  method  descrilied  herein 
is  only  a  stiggested  approacli;  alternative  means  (or 
approximating  the  moistmre  content,  e.g.,  drying  tulies, 
wet  bulb-dry  bulb  techniques,  condensation  techniiiues, 
stoichiometric  calculations,  previous  exi>erience,  etc., 
are  also  acceptable. 

The  reference  method  is  often  conducted  simultane¬ 
ously  with  a  iwllutant  emission  measurement  run;  when 
it  is,  calculation  of  percent  isokinetic,  pollutant  emission 
rate,  etc.,  for  the  run  shall  lie  based  u()on  the  results  of 
the  reference  method  or  its  equivalent;  these  calculations 
shall  not  be  based  upon  the  results  of  the  approximation 
method,  unless  the  approximation  method  is  shown,  to 
the  satisfaction  of  the  Administrator,  IT.S.  Environmen¬ 
tal  Protection  Agency,  to  lie  capable  of  yielding  results 
within  1  iH'rcent  H;0  of  the  referenee  method. 

Note. — Tlie  reference  method  may  yield  questionable 
re.sults  when  applied  to  saturated  gas  streams  or  to 
streams  that  contain  water  droplets.  Therefore,  when 
these  conditions  exist  or  are  susiiected.  a  .second  deter¬ 
mination  of  the  moisture  content  shall  be  made  simul¬ 
taneously  with  the  reference  method,  as  follows:  Assume 
that  the  gas  stream  is  .saturated.  Attach  a  temperature 
sensor  (capable  of  measuring  to  *1®  C  (2°  F)1  to  the 
reference  method  probe.  Measure  the  stack  gas  tempera¬ 
ture  at  each  traverse  point  (see  Sei-tion  2.2.1)  dtuing  the 
reference  method  traverse;  calculate  the  average  stack 
gas  temperature.  Next,  determine  the  moisture  percent¬ 
age.  either  by:  (1)  itsing  a  psychrometric  chart  and 
making  appropriate  corrections  if  stack  pressure  is 
different  from  that  of  the  chart,  or  (2)  using  saturation 
vapor  pressure  tables.  In  cases  where  the  psychrometric 
chart  or  the  saturation  vapor  pressure  tables  are  not 
applicable  (based  on  evaluation  of  the  prex'ess),  alternate 
methods,  subject  to  the  approval  of  the  Administrator, 
shall  be  u.sed. 

2.  Reference  Method 

The  proc'edure  descrilied  in  Method  5  (or  determining 
moisture  content  is  acceptable  as  a  reference  method. 

2.1  App^tns.  A  schematic  of  the  sampling  train 
u.sed  in  this  reference  method  is  shown  in  Figure  4-1. 
All  components  shall  be  maintained  and  calibratc-d 
according  to  the  procedure  outlined  in  Method  5. 
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Figure  4-1.  Moisture  sampling  train-reference  method. 


2.1.1  Probe.  Tlie  probe  is  eoiistriieti  j  of  stainless 
steel  or  glass  tubing,  sulfieiently  heated  to  prevent 
water  condensation,  and  is  e<iuipped  with  a  filter,  either 
in-stack  (e.g.,  a  plug  of  glass  wool  inserted  into  the  end 
of  the  probe)  or  heated  out-stack  (e.g.,  as  described  in 
Method  5),  to  remove  particulate  matter. 

When  stack  conditions  permit,  other  metals  or  plastic 
tubing  may  be  used  for  the  probe,  subject  to  the  approval 
of  the  Administrator. 

2.1.2  Condenser.  The  condenser  consists  of  four 
impingers  connected  in  series  with  ground  glass,  leak- 
free  nttings  or  any  similarly  leak-free  non-contaminating 
fittings.  The  first,  third,  and  fourth  impingers  shall  be 
of  the  Oreenburg-Smitli  design,  modilied  by  replacing 
the  tip  with  a  1.3  centimeter  0/i  inch)  11)  glass  tube 
extending  to  about  1.3  cm  (V5  in.)  from  the  bottom  of 
the  flask.  The  second  impinger  shall  be  of  the  Oreenburg- 
Pmith  design  with  the  standard  tip.  Modifications  (e.g., 
using  flexible  conneclions  between  the  impingers,  using 
materials  other  than  glass,  or  tfsing  flexible  vai'uum  lines 
to  coniu'cl  the  filter  holder  to  the  condenser)  may  be 
used,  subject  to  the  approval  of  Ihe  Administrator. 

The  first  two  impingers  shall  contain  known  volumes 
of  water,  the  third  shall  be  emiity,  and  the  fourth  shall 
contain  a  known  weight  of  6-  to  Iti-mesh  indicating  tyi)0 
silica  gel,  or  e<iuivalent  d<‘siccant.  If  the  silica  gel  has 
been  previously  used,  dry  at  175°  C  (3.50°  F)  for  2  hours. 
New  silica  gel  may  be  used  as  received.  A  thermometer, 
capable  of  measuring  temperature  to  wit  hin  1°  C  (2°  F), 
sliall  be  placed  at  the,  outlet  of  the  fourth  impinger,  for 
monitoring  purixjses. 

Alternatively,  any  system  may  lie  used  (subject  to 
the  approval  of  the  Administrator)  that  cools  the  sample 
gas  stream  and  allows  measurement  of  both  the  water 
tliat  has  been  conden.sed  and  tlie  moisture  leaving  the 
condenser,  each  to  within  1  ml  or  1  g.  Acceptable  means 
are  to  measure  the  condensed  water,  either  gravi- 
xnefrically  or  volumetrically,  and  to  measure  the  mois¬ 
ture  leaving  the  condenser  by:  (1)  monitoring  the 
temperature  and  pressure  at  the  exit  of  the  condenser 
and  using  Dalton’s  law  of  partial  pre,ssures,  or  (2)  passing 


the  sample  gas  stream  through  a  tared  silica  gel  (or 
equivalent  d<'8iccant)  trap,  with  exit  gases  kept  below 
20°  C  (68°  F),  and  determining  the  weight  gain. 

If  means  other  than  silica  gel  are  list'd  to  detennine  the 
amount  of  moisture  leaving  tlte  condenst'r,  it  is  recom¬ 
mended  that  silica  gel  (or  equivalent)  still  be  used  be¬ 
tween  the  condenser  system  and  pump,  to  prevent 
moisture  condensation  in  the  pump  and  metering 
devices  and  to  avoid  the  need  to  make  corrections  for 
moisture  in  the  metered  volume. 

2.1.3  Cooling  System.  An  ice  bath  container  and 
crushed  ice  (or  equivalent)  are  used  to  aid  in  condensing 
moisture. 

2.1.4  Metering  System.  This  system  includes  a  vac¬ 
uum  gauge,  leak-free  pump,  thermometers  capable  of 
measuring  temperature  to  within  3°  C  (8.4°  F),  dry  gas 
meter  capable  of  measuring  volume  to  within  2  percent, 
and  related  equipment  as  shown  in  F'igure  4-1.  Other 
metering  systems,  callable  of  maintaining  a  constant 
sampling  rale  and  determining  sample  gas  volume,  may 
be  used,  subject  to  the  approval  of  the  Administrator. 

2.1.5  Barometer.  Mercury,  aneroid,  or  other  barom¬ 
eter  capable  of  measuring  atmospheric  pressure  to  within 
2.6  mm  Hg  (0.1  in.  Hg)  may  be  used.  In  many  cases,  the 
barometric  reading  may  be  obtained  from  a  nearby 
national  weather  service  station,  in  which  case  the  sta¬ 
tion  value  (which  is  the  absolute  barometric  pressure) 
shall  be  requested  and  an  adjustment  fur  elevation 
differences  lietween  the  weather  station  and  the  .sam- 
pUng  poinFshall  he  applied  at  a  rate  of  minus  2.5  mm  Hg 
(0.1  in.  Mg)  per  30  m  (100  ft)  elevation  increase  or  vice 
versa  for  elevation  decrease. 

2.1.6  (Iraduated  Cylinder  and  or  Balance.  These 
items  are  used  to  measure  condensed  water  and  moLsturc 
caught  in  the  silica  gel  to  within  1  ml  or  OA  g.  Oraduatt>d 
cyUnders  shall  have  subdivisions  no  greater  than  2  ml. 
Most  laboratory  balances  are  callable  of  weighing  to  the 
nearest  0.6  g  or  less.  These  balances  arc  suitable  for 
use  here. 

2.2  Procedure.  The  following  procedure  is  written  for 
a  condenser  system  (such  as  the  impinger  system  de¬ 


scribed  in  Section  2.1.2)  incorporating  volumetric  analy¬ 
sis  to  measure  the  condensed  moisture,  and  silica  gel  and 
gravimetric  analysis  to  measure  the  moisture  leaving  the 
condenser. 

2.2.1  Unlessotherwisespecifiedby  the  Administrator, 
a  minimum  of  eight  traverse  points  shall  be  used  for 
circular  stacks  having  diameters  less  than  0.61  m  (24  in.), 
a  minimum  of  nine  points  shall  be  used  for  rectangular 
stacks  having  equivalent  diameters  less  than  0.61  m 
(24  in.),  and  a  minimum  of  twelve  travers  points  shall 
be  used  in  all  other  cases.  The  traverse  points  shall  be 
located  according  to  Method  1.  The  u.se  of  fewer  points 
is  subject  to  the  approval  of  the  Administrator.  Select  a 
suitable  probe  and  probe  length  such  that  all  traverse 
points  can  be  sampled.  Consider  sampling  from  opposite 
sides  of  the  stack  (four  total  sampUng  ports)  for  large 
stacks,  to  permit  use  of  shorter  probe  lengths.  Mark  the 
probe  with  heat  resistant  tape  or  by  some  other  method 
to  denote  the  proper  di.stanee  into  the  stack  or  duct  for 
each  samphng  point.  Flace  known  volumes  of  water  in 
the  first  two  impingers.  Weigh  and  record  the  weight  of 
the  silica  gel  to  the  nearest  0.5  g,  and  transfer  the  silica 
gel  to  the  fourth  impinger;  alternatively,  the  silica  gel 
may  first  be  transferred  to  the  impinger,  and  the  weight 
of  the  silica  gel  plus  impinger  recorded^ 

2.2.2  Select  a  total  sampling  time  such  that  a  mini¬ 
mum  total  gas  volume  of  0.60  sem  (21  scf)  will  be  col¬ 
lected,  at  a  rate  no  greater  than  0.021  m>/min  (0.75  cfm). 
When  both  moisture  content  and  pollutant  ejiiission  rate 
are  to  be  determined,  the  moisture  determination  shall 
be  simultaneous  with,  and  for  the  same  total  length  of 
time  as.  the  pollutant  emission  rate  run,  unless  otherwise 
specilied  in  an  appUcable  subpart  of  the  standards. 

2.2.3  Set  up  the  sampling  train  as  shown  in  Figure 
4-1.  Turn  on  the  probe  heater  and  (if  applicable)  the 
filter  heating  system  to  temperatures  of  about  120°  C 
(248°  F),  to  prevent  water  condensation  ahead  of  the 
condenser;  allow  time  for  the  temperatares  to  stabilite. 
Place  crushed  ice  in  the  ice  bath  container.  It  is  recom¬ 
mended,  but  not  required,  that  a  leak  check  be  done,  ae 
follows:  Disconnect  the  probe  from  the  first  impinger  or 
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(if  applicable)  from  the  filter  holder.  Plug  the  inlet  to  the 
first  impinger  (or  filter  holder)  and  pull  a  380  mm  (IS  in.) 
Hg  vacuum;  a  lower  VMUum  may  be  used,  provide  that 
it  is  not  exceeded  during  the  test.  A  le^age  rate  in 
excess  of  4  percent  of  the  average  sampling  rate  or  0.00057 
niVinin  (0.02  cfm),  whichever  is  less,  is  unacceptable. 
Following  the  I  eak  check,  recomiect  the  probe  to  the 
sampling  train. 

2.2.4  During  the  sampling  nin,  maintain  a  sampling 
rate  within  10  percent  of  constant  rate,  or  as  specific  by 
the  Administrator.  For  each  run,  record  the  data  re- 
miired  on  the  example  data  sheet  shown  in  Figure  4-2. 
Be  sure  to  record  the  dry  gas  meter  reading  at  the  begin¬ 
ning  and  end  of  each  sampling  time  increment  and  wheu- 


AMBIENT  TEMPERATURE. 
BAROMETRIC  PRESSURE. 
PROBE  LENGTH  m(ft) _ 


ever  sampling  is  halted.  Take  other  approt^ate  rMtdings 
at  each  sample  point,  at  least  once  during  each  time 
increment. 

2.2.5  To  begin  sampling,  position  the  probe  tip  at  the 
first  traverse  point.  Immediately  start  the  pump  and 
adjust  the  flow  to  the  desired  rate.  Traverse  the  cross 
section,  sampling  at  each  traverse  point  for  an  equal 
length  of  time.  Add  more  ice  and,  if  necessary,  s^t  to 
maintain  a  temperature  of  less  than  20°  C  (ii8°  F)  at  the 
silica  gel  outlet. 

2.2.6  After  collecting  the  sample,  disconnect  the  probe 
from  the  filter  holder  (or  from  the  first  impinger)  and  con¬ 
duct  a  leak  check  (mandatory)  as  described  in  Section 


9.2.3.  Record  the  leak  rate.  If  the  leakage  rate  exceeds  the 
allowable  rate,  the  tester  shall  either  reject  the  test  re¬ 
sults  or  shall  correct  the  sample  volume  as  In  Section  6.3 
of  Method  S.  Next,  measure  the  volume  of  the  moisture 
condensed  to  the  nearest  ml.  Determine  the  increase  in 
weight  of  the  silica  gel  (or  silica  gel  plus  impinger)  to  the 
nearest  0.5  g.  Recoil  this  information  (see  example  daia 
sheet,  Figiue  4-3)  and  calculate  the  moistiue  percentage, 
as  deecribed  in  2.3  below. 

2.3  Calculatioirs.  Carry  out  the  following  calculations, 
retaining  at  least  one  extra  decimal  figure  beyond  that  of 
the  acquired  data.  Round  oil  figures  after  final  calcula¬ 
tion. 


SCHEMATIC  OF  STACK  CROSS  SECTION 


PRESSURE 

DIFFERENTIAL 

METER 

GAS  SAMHE  TEMPERATURE 

TEMPERATURE 

OF  GAS 

ACROSS 

REARING 

AT  DRY  GAS  METER 

LEAVING 

ORIFICE  METER 
•  (^H), 

GAS  SAMPLE 
VOLUME 

AV« 

INLET 

OUTLET 

CONDENSER  OR 
LAST  IMPINGER. 

mmCnJ  H2O 

(Tiiiip).»C  (^) 

<*FI 

•C  ('F) 

Figure  4-2,  Field  moisture  determination-reference  method. 
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IMPINGER 
VOLUME, 
ml  ' 

SILICA  GEL 
WEIGHT. 

9 

FINAL 

INITIAL 

DIFFERENCE 

Figure  4  3.  Analytical  data  ■  reference  method. 


2.3.1  Nomenclature. 

i? If. = Proportion  of  water  vapor,  by  volume,  in 
the  gas  stream. 

A/ »•= Molecular  weight  of  water,  18.0  g/g-mole 
(18.01b/lb-mole). 

.  /’„=Absolute  pressure  (for  this  'nndhorl,  same 
as  barometric  pressure)  at  tlie  dry  gas  meter, 
mm  Hg  (in.  Hg). 

Standard  aitsolute  pressure,  760  mm  Ilg 
(29.92  in.  Hg). 

/f=Ideal  gas  eoustant,  0.06236  (mm  Hg)  (m^)/ 
(g-mole)  ("K)  for  metric  units  and  21.85  (in. 
Hg)  (ft*)/(Ib-mole)  (®R)  for  English  units. 

7’„=^Ab.solute  temperature  at  meter,  °K  (®R). 

7’,(d=Standard  absolute  temperature,  293®  K 
(.528®  R). 

V„  =  Dry  gas  vol  time  measured  by  dry  gas  meter, 
dem  (dof). 

Al^m= Incremental  dry  gas  volume  measured  by 
<lry  gas  meter  at  each  traverse  point,  dem 
(def). 

Pm(.id)=Dry  gas  volume  measured  by  the  dry  gas 
meter,  corrected  to  standard  conditions, 
dsem  (dsef). 

V«e(.id)=V'^olume  of  water  vajjor  condensed  corrected 
to  standard  conditions,  sem  (scO- 

=Volume  of  water  vapor  collected  in  silica 
gel  corrected  to  standard  conditions,  sem 
(scf). 

V/= Final  volume  of  condenser  water,  ml. 

Kj=Initial  volume,  if  any,  of  condenser  water, 
ml. 

IF, = Final  weight  of  silica  gel  or  silica  gel  plus 
impinger,  g. 

II'i=Initial  weight  of  silicft  gel  or  silica  gel  plus 
impinger,  g. 

y=Diy  gas  meter  calibration  factor. 

P»= Density  of  water,  0.9982  g/ml  (0.002201 
Ib/ml). 

2.3.2  Volume  of  water  vapor  condensed. 

1  = - 

Equation  4  1 

where; 

it'i=0.00l333  m^/ml  for  metric  units 

=0.04707  ft^/inl  for  English  units 

2.33  Volume  of  water  vapor  collected  in  silica  g<'l. 

,,  (,Wf-Wi)RT,u, 

=  Kj(Wf-Wi) 

Equation  4-2 

where: 

Jfj=0.001336  mVg  for  metric  miits 

=0.04715  ftVg  for  English  units 

2.3.4  Sample  gas  volume. 


I  m  (Bill)  —  Fm  ^ 


V„P^ 

f„ 


w  In  re: 

A’j=.o  38.58  ®K. mm  Ilg  for  metiic  units 
=  17.61  ®H  in.  Hg  for  English  units 


Kil'.istiun  4  3 


Note. — If  the  post-test  leak  rate  (Si'ctioii  2.2.6)  ex- 
etsHls  the  allowable  mte,  correct  the  value  of  V«  in 
Equation  4-3.  as  de.scribed  in  Section  6.3  of  Metlurtl  5. 
2  3  .5  .Moisture  Content. 


_ ^ _ F,r^(.tl)  +  _ _ 

'  irr-  (»M)  +  F,,,,  (SOI)  -f-  V  m 

Equation  4  4 

\(,it;— In  saturated  or  moisinre  droplet-laden  gas 
stieains,  two  (alciilations  of  the  moisture  content  of  the 
stack  gas  shall  be  made,  one  using  a  value  based  upon 
the  saturated  conditions  (see  Section  1.2),  and  another 
basid  niHin  the  results  of-tbe  impinger  analysis.  The 
lower  of  these  two  values  of  shall  be  considered  cor¬ 
rect 

2  3  <i  \  ^■rilication  of  constant  sampling  rate.  For  each 
lime  increment,  determine  the  AV'„.  Calculate  the 
average  If  the  value  for  any  time  increment  diU'ers  from 
the  average  by  more  than  10  iK-reent,  reject  the  results 
and  repeat  ll:e  run. 

3.  Approrhiwtion  Mdhod 

The  approximation  mctiio-l  dc.si  ribed  below  is  pre- 
.sented  only  as  a  suggested  method  (see  Sei'tion  1.2). 

3  1  .Apparatus. 

3.1  1  l’rot)e.  Stainless  steel  or  glass  tubing,  siilliciently 
heated  to  prevent  water  condensation  and  equipped 
with  a  lillei-  (either  in-stack  or  heated  out-stack)  to  re¬ 
move  {larticulate  matter.  A  ping  of  glass  wool,  inserted 
into  the  end  of  the  probe,  is  a  satisfai'tory  filter. 

3.1  2  Impingers.  Two  midget  impingers,  each  with 
30  ml  capacity,  or  equivalent. 

3  1.3  lee  Bath.  Container  and  ice,  to  aid  in  condens¬ 
ing  moisture  in  impingers. 

3.1.4  Di  jing  Tulre.  Tulie  packed  with' new  or  re¬ 
generated  6-  to  16-mesh  indicating-type  silica  gel  (or 
equivalent  ilesiceant),  to  dry  the  sample  gas  and  to  pro- 
twt  the  nielei  and  pump. 

3.1.5  \  alve.  NiH-dle  valve,  to  regulate  the  sample  gas 
How  rate. 

3.1.6  I’nmp.  Leak-free,  diaphragm  type,  or  equiva- 
li’tit.  to  pull  the  gas  sample  through  the  train. 

3.1.7  \  oliiine  meter.  Dry  gas  meter,  suflieiently  ac¬ 
curate  to  measure  the  sample  volume  within  2%,  and 
calibrated  over  the  range  of  flow  rates  and  conditions 
iK'lually  encountered  during  sampling. 

3.1.8  Kate  Meter.  Rotameter,  to  measure  the  flow 
range  from  0  to  3 1  pm  (0  to  0.11  efm). 

3.1.9  tiraduated  Cylinder.  25  ml. 

3.1.10  Barometer.  Mercury,  aneroid,  or  other  barom¬ 
eter,  as  described  in  Section  2.1.5  aliove. 

3.1.11  Vacuum  Gauge.  At  least  760  mm  Hg  (.30  in. 
Ilg)  gauge,  to  be  used  for  tbe  sampling  leak  check. 

3.2  Procedure. 

3.2.1  Place  exactly  5  ml  distilled  water  in  each  im¬ 
pinger.  Assemble  the  apiiaratus  without  the  prolre  as 
shown  in  Figure  4-4.  Leak  check  the  train  by  placing  a 
vacuum  gauge  at  the  inlet  to  the  first  impinger  and 
drawing  a  vacuum  of  at  least  250  mm  Hg  (10  in.  Hg), 
plugging  the  outlet  of  the  rotameter,  and  then  turning 
off  the  pump.  The  vacuum  shall  remain  constant  for  at 
east  one  minute.  Carefully  release  the  vacuum  gauge 
Ibefore  unplugging  the  rotameter  end. 
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Figure  4-4.  Moisture  sampling  train  •  approximation  method. 
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Figure  4-5.  Field  moisture  determination  -  approximation  method. 
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3.2.2  Connect  the  probe,  insert  it  into  the  stack,  and 
sample  at  a  constant  rate  of  2 1pm  (0.071  <^).  Continue 
sampling  until  the  dry  gas  meter  registers  abwt  30 
liters  (I.l  ft*)  or  until  visible  liquid  droplets  are  carried 
over  from  the  first  impinger  to  the  second.  Record 
temperature,  pressure,  and  dry  gas  meter  readings  as 
lequired  by  Figure  4-5. 

3.2.3  After  collecting  the  sample,  combine  the  con¬ 
tents  of  the  two  impingers  and  measure  the  volume  to  the 
nearest  0.5  ml. 

3.3  Calculations.  The  calculation  method  presented  is 
designed  to  estimate  the  moisture  in  the  stack  gas: 
ther^ore,  other  data,  which  are  only  necessary  for  ac¬ 
curate  moisture  determinations,  are  not  collected.  The 
following  equations  adequately  estimate  the  moisture 
content,  for  the  purpose  of  determining  isokinetic  sam¬ 
pling  rate  settings. 

3.3.1  Nomenclature. 

£»«,= Approximate  proportion,  by  volume,  of 
water  vapor  in  the  gas  stream  leaving  the 
second  impinger,  0.025. 

i?».=Water  vapor  in  the  gas  stream,  in-oportion  by 
volume. 

it/»= Molecular  weight  of  water,  18.0  g/g-mole 
(18.0  ih/lb-mole) 

P«=Absolute  pressure  (for  this  method,  same  as 
barometric  pressure)  at  the  dry  gas  meter. 

P,u=  Standard  absolute  pressure,  760  mm  Hg 
(29.92  in.  Hg). 

i2=Ideal  gas  constant,  0.06236  (mm  Hg)  (m*)/ 
(g-mole)  (°K)  for  metric  units  and  21.85 
(in.  Hg)  (ft*) /lb-mole)  (®R)  for  English 
units. 

T«=Absolute  temperature  at  meter,  ®K  (®R) 

7'»i4=  Standard  absolute  temperature,  293°  E 
(528®  R) 

V/» Final  volume  of  impinger  contents,  ml. 

Vi=Initial  volume  of  impinger  contents,  ml. 

Vii=Dry  gas  volume  measured  by  dry  gas  meter, 
dcm  (dcf). 

V«(.is)=Dry  gas  volume  measured  by  dry  gas  meter, 
corrected  to  standard  conditions,  dscm 
(d^. 

V,..(,i4)=Volume  of  water  vaptn:  condensed,  corrected 
to  standard  conditions,  scm  (scf). 

«•=  Density  of  water,  0.9982  g/ml  (0.002201  Ib/ml). 

3.3.2  Volume  of  water  vapor  collected. 

Tr  iV,-Vi)p.RT,^ 
=Kr{Vf-Vi) 


Equation  4-5 


where; 

Ki=0.001333  m*/ml  for  metric  units 
=0.04707  ft*/ml  for  English  units. 

3.3.3  Oas  volume.  . 


Equation  4-6 


where: 

£'1=0.3858  ®E/mm  Hg  for  metric  units 
=17.64  ®R/in.  Hg  lor  English  units 


3.3.4  Approximate  moisture  content. 


»  wc  •  m  (itd) 


-f  (0.025) 


Equation  4-7 

4.  Caldiralion 

4.1  For  the  reference  method,  calibrate  equipment  as 
.■iirecified  in  the  following  sections  of  Method  5;  Section  5.3 
(metering  sy.stem);  Section  5.5  (temperature  gauges); 
and  Section  5.7  (barometer).  The  recommended  leak 
check  of  the  metering  system  (Section  5.6  of  Method  5) 
also  applies  to  the  reference  method.  For  the  approxima¬ 
tion  method,  use  the  procedures  outlined  in  Section  5.1.1 
of  Method  6  to  calibrate  the  metering  system,  and  the 
procedure  of  Method  5,  Section  5.7  to  calibrate  the 
barometer. 


5.  BMiography 
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Research  Triangle  Park,  N.G.  Publication  No.  AP-40. 
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2.  Devorkin,  Howard,  et  al.  Air  Pollution  Source  Test¬ 
ing  Manual.  Air  Pollution  Control  District,  Los  Angeles, 
Calif.  November,  1963. 

3.  Methods  for  Determination  of  Velocity,  Volume, 
Dust  and  Mist  Content  of  Gases.  Western  Precipitation 
Division  of  Joy  Manufacturing  Co.,  Los  Angeles,  Calif. 
Bulletin  WP-50. 1968. 


Mehiod  .5— Determination  or  PARTicni.ATE  Emi.ssions 
F'rom  Stationary  Sources 


1.  Principlf  and  ApplieabUity 

1.1  Principle.  Particulate  matter  is  withdrawn  iso- 
kinetically  from  the  source  and  collected  on  a  glass 
fiber  filter  maintained  at  a  temperature  in  the  range  of 
120±14«  C  (248±2S®  F)  or  such  other  temperature  as 
specified  by  an  applicable  subpart  of  the  standards  or 
approved  by  the  Administrator,  U.S.  Environmental 
Protection  Agency,  for  a  particular  application.  The 
particulate  mass,  which  includes  any  material  that 
condenses  at  or  above  the  filtration  temperature,  is 
determined  gravimetrically  after  removal  of  uncombined 
water. 

1.2  Applicability.  This  method  is  applicable  for  the 
determination  of  particulate  emissions  uom  stationary 
sources. 

2.  Apparatus 

2.1  Sampling  Train.  A  schematic  of  the  sampling 
train  used  in  this  method  is  shown  in  Figure  5-1.  Com¬ 
plete  construction  details  are  given  in  APTD-0581 
(Citation  2  in  Section  7);  commercial  models  of  this 
train  are  also  available.  For  changes  from  APTD-0581 
and  for  allowable  modifications  of  the  train  shown  in 
Figure  5-1,  see  the  following  subsections. 

The  operating  and  maintenance  procedures  for  the 
sampling  train  are  described  in  APTD-0576  (Citation  3 
in  Section  7).  Since  correct  usage  is  immrtaut  in  obtain- 
ii«  valid  results,  all  users  should  read  APTD-0576  and 
adopt  the  operating  and  maintenance  procedures  out¬ 
lined  in  it,  unless  otherwise  spMified  herein.  The  sam¬ 
pling  train  consists  of  the  following  components: 


RDHIAL  UOISTHI.  VOL.  42.  NO.  140— THURSDAY,  AUGUST  II,  1977 


RULES  AND  REGULATIONS 


41777 


PUMP 


Figures  1.  Particulate  sampling  train. 


2.1.1  Probe  Nozzle.  Stainless  steel  (316)  or  glass  with 
■baip,  tapered  leading  edge.  The  angle  of  taper  shall 
be  ^30°  and  the  taper  shall  be  on  the  outside  to  pres^ve 
a  constant  internal  diameter.  The  proble  nozzle  shall  be 
of  the  button-hook  or  elbow  design,  unless  otherwise 
specified  by  the  Administrator.  If  made  of  stainless 
steel,  the  nozzle  shall  be  constructed  bom  seamless  tub¬ 
ing;  other  materials  of  construction  may  be  used,  subject 
to  the  approval  of  the  Administrator. 

A  range  of  nozzle  sizes  suitable  for  isokinetic  sampling 
should  be  available,  e.g.,  0.32  to  1.27  cm  04  to  in.)— 
or  larger  if  higher  volume  sampling  trains  are  used- 
inside  disuneter  (ID)  nozzles  in  increments  of  0.16  cm 
(M«  in.).  Each  nozzle  shall  be  calibrated  according  to 
the  procedures  outlined  in  Section  5. 

2.1.2  Probe  Liner.  Borogilicate  or  quartz  glass  tubing 
with  a  heating  system  capable  of  maintaining  a  gas  tem¬ 
perature  at  the  exit  end  during  sampling  of  12(^14°  C 
(248±25°  F),  or  such  other  temperature  as  specified  by 
an  applicable  subpart  of  the  standards  or  approved  by 
the  Administrator  for  a  particular  application.  (The 
tester  may  opt  to  operate  the  equipment  at  a  temperature 
lower  than  that  specified.)  Since  the  actual  temperature 
at  the  outlet  of  the  probe  is  not  usually  monitored  during 
sampUng,  probes  constructed  according  to  APTD-0581 
and  utilizing  the  calibration  curves  of  APTD-0576  (or 
calibrated  according  to  the  procedure  outlined  in 
APTD-0576)  will  be  considered  acceptable. 

Either  borosilict.te  or  quartz  glass  probe  liners  may  be 
used  for  stack  temperatures  up  to  about  480^  C  .900°  F) 
quartz  liners  shall  be  used  lor  '.empcretures  between  4M 
and  9(K)°  C  (900  and  1,650°  F).  Both  types  ol  liners  may 
be  used  at  higher  temperatures  than  specified  for  short 
periods  of  time,  subject  to  the  approval  of  the  Adminis¬ 
trator.  The  softening  temperature  (or  borosilicate  is 
820°  C  (1,5()8“  F),  and  for  quartz  it  is  l,5a°  C  (2.732°  F) 

Whenever  practical,  every  effort  should  be  made  to  use 
borosilicate  or  quarts  glass  probe  anets.  Alternatively, 
metal  liners  (e.g.,  316  stainless  steel,  Incoloy  825,^  or  other 
corrosion  resistant  metals)  made  of  seamier  tubi^  may 
be  used,  subjec,  to  the  approval  of  the  Administrator. 

2.1.3  Pitot  Tube.  Type  S,  as  described  In  Section  2.1 
of  Method  2,  or  other  device  approved  by  the  Adminis- 
traUv.  The  pitot  tube  shall  be  attached  to  the  probe  (as 
shown  in  Figme  5-4)  to  allow  constant  monitoring  of  the 
stack  gas  velocity  The  impact  (high  pressure)  opening 


>  Mention  ol  trade  names  or  specific  products  does  not 
constitute  endorsement  by  the  Environmental  Protec¬ 
tion  Agency. 


plane  of  the  pitot  tube  shall  be  even  with  or  above  the 
nozzle  ent^  plane  (see  Method  2,  Figure  2-6b)  during 
sampling.  The  Type  S  pitot  tube  assembly  shall  have  a 
known  coefficient,  determined  as  outlined  in  Section  4  of 
Method  2. 

2.1.4  Differentia.  Pressure  Gauge.  Inclined  manom¬ 
eter  or  equivalent  dev  c  i  ttwo),  a‘<  ^scribed  in  Section 
2.2  of  Method  2.  One  manometer  s  tall  be  used  or  velocity 
bead  (np)  readings,  and  the  other,  lor  orifice  differentia, 
pressure  readings. 

2.1.5  Filter  Holder.  Borosilicate  glass,  with  a  glass 
frit  filter  support  and  a  silicone  rubber  gasket.  Other 
materials  of  construction  (e.g.,  stainless  steel,  Teflon, 
Viton)  may  be  used,  subjt-ct  to  approval  of  the  Ad¬ 
ministrator.  The  holder  design  shall  provide  a  positive 
seal  against  leakage  irom  the  outside  or  around  the  filter. 
The  holder  shall  be  attached  immediately  at  the  outlet 
of  the  probe  (or  cyclone,  if  used). 

2.1.6  Filter  Heating  System.  Any  heating  system 
capable  of  maintaining  a  temperature  around  the  filter 
holder  during  sampling  o.  120±14°  C  (248±2.';°  F).  or 
such  other  temperature  as  specified  by  an  applicable 
subpart  of  the  standards  or  approved  by  the  .Adminis¬ 
trator  for  a  particular  application.  Alternatively,  the 
tester  may  opt  to  operate  tne  equipment  at  a  temperature 
lower  than  that  specified.  A  temperature  gauge  capable 
of  measuring  temperature  to  within  .1°  C  (5.4°  F)  shall 
be  installed  so  that  the  temperatiu-e  around  the  filter 
holder  can  be  regulated  and  monitored  during  sampling. 
Heating  systems  other  ttum  the  one  shown  in  A^D- 
0581  may  be  used. 

2.1.7  Condenser.  The  following  system  shall  be  used 
to  determine  the  stack  gas  moisture  content:  Four 
impingers  connected  In  series  with  leak-irec  ground 
glass  fittings  or  any  dmilar  leak-free  non-contaminating 
fittings.  The  first,  third,  and  fourth  impingers  shall  be 
of  the  Greenburg-Smith  design,  modified  by  replacing 
the  tip  with  1.3  cm  (}4  in.)  ID  glass  tube  extending  to 
about  L.'t  cm  04  in.)  from  the  bottom  ol  the  flask.  The 
second  impinger  shall  be  of  the  Gre<-jiburg-Smith  design 
with  the  standard  tip.  Modifications  (e.g..  using  flexible 
connections  between  the  impingers,  using  materials 
other  than  glass,  or  using  flexible  vacuum  lines  to  connect 
the  filter  bolder  to  the  condenser)  may  be  used,  subject 
to  the  approval  of  the  Administrator.  The  first  and 
second  impingers  shMI  contain  known  quantities  of 
water  (Section  4.U),  the  third  shall  be  empty,  and  the 
fourth  shall  contain  a  known  weight  of  silica  gel,  or 
equivalent  desiccant.  A  thermometer,  capable  ol  measur¬ 


ing  temjieratiu'c  to  within  1°  C  (2°  F)  shall  be  placed 
at  the  outlet  of  the  fourth  impinger  for  monitoring 
purposes. 

Alternatively,  any  system  that  cools  the  sample  gas 
stream  and  allows  measuremant  of  the  water  condensed 
and  moisture  leaving  the  condenser,  each  to  arithin 
1  ml  or  1  g  may  be  used,  subject  to  the  approval  of  the 
Admiiustrator.  Acceptable  means  are  to  measure  the 
condensed  v/ater  either  gravimetrically  or  volumetrically 
and  to  measure  the  moisture  leaving  the  condenser  by: 
(1)  monitoring  the  temperature  and  pressure  at  the 
exit  of  the  condenser  and  using  Dalton’s  law  of  partial 
pressures:  or  (2)  passing  the  sample  gas  stream  through 
a  tared  silica  gel  (or  equivalent  desiccant)  trap  with 
exit  gases  kept  below  20°  C  (68°  F)  and  determining 
the  weight  gain. 

If  means  other  than  silica  gel  are  used  to  determine 
the  amount  of  moisture  leaving  the  condenser,  it  is 
recommended  that  silica  gel  (or  equivalent)  still  be 
used  between  the  coudenser  system  and  pump  to  prevent 
moisture  condensation  in  the  pump  and  metering  devices 
and  to  avoid  the  need  to  make  corrections  for  moisture  in 
the  metered  volume. 

Note.— If  a  determination  of  the  particulate  matter 
collected  in  the  impii^ers  is  desired  in  addition  to  mois¬ 
ture  content,  the  impinger  system  described  above  shall 
be  used,  without  modifleation.  Individual  States  or 
control  agencies  requiring  this  information  shall  be 
contacted  as  to  the  sample  recovery  and  analysis  of  the 
impinger  contents. 

2.1.8  Metering  System.  Vacuum  ^uge,  leak-free 
pump,  thermometers  capable  of  measuring  temperature 
to  wilWn  3°  C  (5.4°  F) ,  dry  gas  meter  capable  of  measuring 
volume  to  within  2  percent,  and  related  equipment,  as 
shown  in  Figure  5-1.  Other  metering  systems  capable  of 
maintaining  sampling  rates  within  10  percent  of  iso¬ 
kinetic  and  of  determining  sample  volumes  to  within  2 
percent  may  be  used,  subject  to  the  approval  of  the 
Administrator.  When  the  metering  system  is  used  in 
conjunction  with  a  pitot  tube,  the  system  shall  enable 
checks  ol  isokinetic  rates. 

Sampling  trains  utilizing  metering  systems  designed  for 
higher  flow  rates  than  that  described  in  APT  D-4)S81  or 
APTD-0576  may  be  used  provided  that  the  specifica¬ 
tions  o.  this  method  are  met. 

2.1.9  Barometer.  Menmry,  aneroid,  or  other  barometer 
capable  of  measuriiu!  atmospheric  pressure  to  within 
2.5  tnm  Hg  (0.1  in.  Ilg).  In  many  cases,  the  barometrio 
reading  may  be  obtained  from  a  nearby  national  weather 
service  station,  in  which  case  the  station  value  (which  is 
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1  Ill'  absolute  barometric  pressure)  shall  be  requested  and 
•111  adjustment  for  elevation  differences  between  the 
u  eat  her  station  and  sampling  point  shall  be  applied  at  a 
rate  of  minus  2.5  inin  Ilg  (0.1  in.  Hg)  per  30  m  (100  ft) 
elevation  inereasi'  or  vice  versa  for  elevation  decrease. 

2  1.10  Oas  Density  Determination  Equipment. 
Tempi'rature  sensor  and  pressure  gauge,  as  described 
III  Sections  2.3  and  2.4  of  Method  2,  and  gas  analyzer, 
if  iieees.sary,  as  described  in  Method  3.  The  temperature 
seiKsor  shall,  preferably,  be  permanently  attached  to 
the  pitot  tube  or  sampling  probe  in  a  fixed  configuration, 
Mich  that  the  tip  of  the  sensor  extends  beyond  the  loading 
I'lige  of  the  probe  sheath  and  does  not  touch  any  metal. 
.Mternatively,  the  sensor  may  be  attached  just  prior 
f  o  us«'  in  the  field  Note,  however,  that  if  the  temperature 
M'lisor  is  attached  in  the  field,  the  sensor  mu.st  be  plated 
111  an  interference-free  arrangement  with  respect  to  the 
Tyix'  S  pitot  tube  openings  (.see  Method  2,  Figure  2-7). 
.\s  a  second  alternative,  if  a  difference  of  not  more  than 
1  jx'rcent  in  the  average  veloc'ity  niea.snrement  is  to  be 
introduced,  the  tempc'ratiire  gauge  ne«*d  not  be  attached 
to  the  probe  or  pitot  tube.  (This  alternative  is  subject 
to  the  approval  of  the  Administrator.) 

2.2  Sample  Rwovery.  The  following  items  are 
needed: 

2.2  1  Probe-Liner  and  Probe-Xozzlc  Brushes.  Nylon 
bristle  brushes  with  stainless  steel  wire  handles.  The 
prol>e  brush  shall  have  extensions  (at  least  as  lo^  as 
(he  protie)  of  stainless  steel.  Nylon,  Teflon,  or  similarly 
inert  material.  The  brushes  shall  be  properly  sized  and 
shaped  to  bnish  out  the  probe  liner  and  nozzle. 

2.2.2  Wash  Bottles— Two.  Dlass  wash  bottles  are 
recommended;  itolyethylene  wash  bottles  may  be  used 
at  t  he  option  of  the  tester.  It  is  recommended  that  acetone 
not  be  stored  in  polyethylene  bottles  for  longer  than  a 
month. 

2  2  3  Glass  Sample  Storage  Containers.  Chemically 
resistant,  liorosilicate  glass  bottles,  for  acetone  washes, 
.'lOO  ml  or  KXX)  ml.  Si-rew  cap  liners  shall  either  be  rubber- 
backed  Teflon  or  shall  be  constructed  so  as  to  be  leak-free 
and  resistant  to  chemical  attack  by  acetone.  (Narrow 
month  glass  bottles  have  been  found  to  be  less  prone  to 
leakage.)  Alternatively,  polyethylene  bottles  may  be 
nsi'd. 

2.2  4  Petri  Dishes.  For  filter  samples,  gla's  or  poly¬ 
ethylene,  unless  otherwise  specified  by  the  Adniin- 
istrator. 

2.2  .■)  Graduated  Cylinder  and/or  Balance.  To  meas¬ 
ure  condensed  water  to  within  1  ml  or  1  g.  Graduated 
cylinders  shall  have  stibdivisions  no  greater  than  2  ml. 
Most  lalioratory  balances  are  capable  of  weighing  to  the 
nearest  0.5  g  or  le.ss.  Any  of  these  balances  is  suitable  for 
use  here  and  in  Section  2.3.4. 

2.2.0  Plastic  Storage  Containers.  Air-tight  containers 
to  store  silk’a  gel. 

2.2.7  Funnel  and  Rublier  Policeman.  To  aid  in 
transfer  of  silica  gel  to  container;  not  necessary  if  .siUca 
get  is  weighed  in  the  field. 

2.2.8  Funnel.  Glass  or  polyethlene,  to  aid  in  sample 
recovery. 

2  3  Analysis.  For  analysis,  the  following  equipment  is 
needed. 

2.3  1  Glass  Weighing  Dishes. 

2.3.2  Desiccator. 

2.3  3  Analytical  Balance.  To  ineasiu-e  to  within  0.1 

mg. 

2.3.4  Balance.  To  measure  to  within  0.5  g. 

2.3.5  Beakers.  250  ml. 

2.3.0  Hygrometer.  To  measiue  the  relative  humidity 
of  the  laboratory  environment. 

2.3.7  Tempi'rature  Gauge.  To  measure  the  tempera¬ 
ture  of  the  laboratory  environment. 

3.  Rfagtult 

3.1  Sampling.  The  reagents  used  in  saniiiling  are  as 
follows: 

3.1.1  Filters.  Glass  fiber  filters,  without  organic 
binder,  exhibiting  at  least  99.95  percent  ellicieucy  (<0.05 
percent  penetration)  on  0.3-micron  dioctyl  phthalate 
smoke  particles.  The  filter  efficiency  test  shall  be  con¬ 
ducted  in  accordance  with  A8TM  standard  method  D 
2986-71.  Test  data  from  the  supplier's  quality  control 
program  are  sufficient  for  this  purpose. 

3.1.2.  Silica  Gel.  Indicating  t^^  6  to  16  mesh.  If 
previously  used,  dry  at  175°  C  (350*  F)  for  2  hours.  New 
silica  gel  may  be  used  as  received.  Alternatively,  other 
types  of  desiccants  (equivalent  or  better)  may  be  used, 
subject  to  the  approval  of  the  Administrator. 

3.1.3  Water.  When  analysis  of  the  material  caught  in 
the  impingers  is  required,  distilled  water  shall  be  used. 
Run  blanks  prior  to  field  use  to  eliminate  a  high  blank 
on  test  samples. 

3.1.4  Grushed  Ice. 

3.1.5  Stopcock  Grease.  Acetone-insoluble,  heat-stable 
silicone  grca.se.  This  is  not  necessary  if  screw-on  con¬ 
nectors  with  Teflon  sleeves,  or  similar,  are  used.  Alterna¬ 
tively,  other  types  of  stoiieock  grease  may  be  used,  sub- 
ji-ct  to  the  approval  of  the  Administrator. 

3.2  Sample  Recovery.  Acetone — reagent  grade,  <0.001 
(lercent  rc.sidue,  in  glass  bottles — is  required.  Acetone 
from  metal  containers  generally  has  a  high  residue  blank 
and  should  not  be  us^.  Sometimes,  suppliers  transfer 
acetone  to  glass  bottles  from  metal  containers;  thus, 
acetone  blai&s  shall  be  run  prior  to  field  use  and  only 
acetone  with  low  blank  values  (<0.001  percent)  shall  be 
used.  In  no  case  shall  a  blank  value  of  greater  than  0.001 
percent  of  the  weight  of  acetone  used  be  subtracted  from 
the  sample  weight. 


3.3  Analysis.  Two  reagents  are  reijuired  for  the  analy¬ 
sis;  , 

3.3.1  Acetone.  Same  as  3.2. 

3.3.2  Desiccant.  Anhydrous  calcium  sulfate,  indicat¬ 
ing  type.  Alternatively,  other  types  of  desiccants  may  be 
us^,  subject  to  the  approval  of  the  Administrator. 

4.  Procedure 

4.1  Sampling.  The  complexity  of  this  method  is  such 
that,  in  order  to  obtain  reliable  results,  testers  should  be 
trained  and  experienced  with  the  test  procedures. 

4.1.1  Pretest  Preparation.  All  the  components  shall 
be  maintained  and  cahbrated  according  to  the  procedure 
described  in  APTD-0.576,  unle.ss  otherwise  specified 
herein. 

Weigh  several  200  to  300g  port  ions  of  .silica  gel  in  air-tight 
containers  to  the  nearest  0.5  g.  Record  the  total  weight  of 
the  silica  gel  plus  container,  on  each  container.  As  an 
alternative,  the  silica  gel  need  not  be  preweighed,  but 
may  be  weighed  diri'ctly  in  its  iinpinger  or  sampling 
holder  just  prior  to  train  as.s<'mbly. 

Check  filters  visually  again.st  light  for  irregularities  and 
flaws  orpinhole  leaks.  Label  filters  of  the  proper  diameter 
on  the  back  side  near  the  edge  using  numbering  maehine 
ink.  As  an  alternative,  label  the  shipping  containers 
(glass  or  plastic  petri  dishes)  and  keep  the  filters  in  these 
containers  at  all  times  except  during  sampling  and 
weighing. 

Desiccate  the  filters  at  20±5.6°  C  (t)S±10°  F)  and 
ambient  pressure  for  at  least  24  hours  and  weigh  at  in¬ 
tervals  of  at  least  6  hours  to  a  constant  weight,  i.e.. 
<0.5  mg  change  from  previous  weighing;  record  results 
to  the  nearest  0.1. mg.  During  each  weighing  the  filter 
must  not  be  exposed  to  the  laboratory  atmosphere  for  a 
period  greater  than  2  minutes  and  a  relative  humidity 
above  50  percent.  Alternatively  (unle.ss  otherwise  speci¬ 
fied  by  the  Administrator),  the  filters  may  be  oven 
dried  at  10.5°  C  (220°  F)  for  2  to  3  hours,  desiccated  for  2 
hours,  and  weighed.  Procedures  other  than  those  de¬ 
scribed,  which  account  (or  relative  humidity  effects,  may 
be  used,  subject  to  the  approval  of  the  Adinini.strator. 

4.1.2  Preliminary  Detenni nations.  Select  the  sam¬ 
pling  site  and  the  minimum  number  of  sampling  points 
according  to  Method  1  or  as  siiecilied  by  (he  Administra¬ 
tor.  Determine  the  stack  pressure,  temperature,  and  the 
range  of  velocity  heads  using  Method  2;  it  Is  recommended 
that  a  leak-chec'k  of  the  pilot  lines  (see  Method  2,  Sec¬ 
tion  3.1)  be  performed.  Determine  the  moisture  content 
using  Approximation  Method  4  or  its  alternatives  for 
the  purpo.se  of  making  isoKinetic  sampling  rate  settings. 
Determine  the  stack  gas  dry  mohnular  weight,  as  des¬ 
cribed  in  Method  2,  Section  ,3.6;  if  integrated  Method  3 
sampling  is  used  for  molecular  w  eight  determination,  the 
integrated  bag  sample  shall  be  taken  siniullaneously 
with,  and  for  the  same  total  length  of  time  as,  the  par¬ 
ticulate  sample  run. 

Select  a  nozzle  size  based  on  the  range  of  vi-lwit  y  heads, 
such  that  it  is  not  necessary  to  chatige  the  nozzle  size  in 
order  to  maintain  isokinetic  sainplitig  rates.  During  the 
nin,  do  not  change  the  nozzle  size.  En.sure  that  the 
proper  differonlial  pressure  gauge  is  chost'n  for  the  range 
of  velocity  heads  encountered  (.sw  Section  2.2  of  Method 
2). 

Select  a  suitable  probe  liner  and  probe  letigt  h  such  that 
all  traverse  points  can  be  sampled.  For  large  stacks, 
consider  sampling  from  op])osite  sides  of  the  stack  to 
reduce  the  length  of  probes. 

Select  a  total  sampling  time  greater  than  or  equal  to 
the  minimum  total  sampling  time  specified  in  the  test 
procedures  for  the  specific  industry  such  that  (1)  the 
sampling  time  per  point  is  not  less  than  2  min  (or  some 
greater  time  interval  as  spi'Clfied  by  the  Administrator), 
and  (2)  the  sample  volume  taken  (corrected  to  standard 
conditions)  wdll  exceed  the  re<iuired  minimum  total  gas 
sample  volume.  The  latter  is  based  on  an  approximate 
averse  sampling  rate. 

It  is  reconunended  tliat  the  number  of  minutes  sam¬ 
pled  at  each  point  be  an  integer  or  an  intiigcr  plus  one- 
half  minute,  in  order  to  avoid  timekeeping  errors. 

In  some  circumstances,  e.g.,  batch  cycles,  it  may  be 
necessary  to  sample  for  shorter  times  at  the  traverse 
points  and  to  obtain  smaller  gas  sample  volumes.  In 
these  cases,  the  Administrator’s  approval  must  first 
be  obtained. 

4.1.3  I’reparation  of  Collection  Train.  Diuing  prep¬ 
aration  and  assembly  of  the  sampUiig  train,  keep  all 
openings  where  contamination  can  occur  covered  until 
just  prior  to  atisembly  or  until  sampling  is  about  to  begin. 

Place  100  ml  of  water  in  each  of  the  first  two  impingers, 
leave  the  third  impinger  empty,  and  transfer  approxi¬ 
mately  200  to  300  g  of  preweighed  siliaa  gel  from  its 
container  to  the  fourth  impinger.  More  siUia  gel  may  be 
used,  but  ('are  should  be  taken  to  ensure  that  it  is  not 
entrained  and  carried  out  from  the  impinger  during 
sampling.  Place  the  container  in  a  clean  place  for  latw 
use  in  the  sample  recovery.  Alternatively,  the  weight  of 
the  silii'a  gel  plus  impinger  may  be  detennined  to  the 
nearest  0.5  g  and  recorded. 

Using  a  tweezer  or  clean  disposable  surgical  gloves, 
place  a  lalieled  (identified)  and  weighed  filter  in  the 
filter  holder.  Be  sure  that  the  filter  is  properly  centered 
and  the  gasket  properly  placed  so  as  to  prevent  the 
sample  gas  stream  from  circumventing  the  filter.  Check 
the  filter  for  tears  after  assembly  is  completed. 

When  glass  liners  are  used,  install  the  selected  nozzle 
using  a  Viton  A  O^ng  when  stark  temperatures  are 
less  than  2^  C  (500°  F)  and  an  asbestos  string  gasket 
when  temperatures  are  higher  See  APTD-0676  lor 


details.  Other  connecting  systems  using  I'ithcr  316  stain 
less  steel  or  Teflon  ferrules  may  be  used.  When  metal 
liners  are  used,  install  the  nozzle  as  above  or  by  a  leak- 
free  direct  mechanical  connection.  Mark  the  probe  with 
heat  resistant  tape  or  by  some  other  methoif  to  denote 
the  proper  distance  into  the  slack  or  duct  for  each  sam¬ 
pling  point. 

Set  up  the  train  as  in  Figure  5-1,  using  (if  neces.sary) 
a  very  light  coat  of  silicone  grease  on  all  ground  glass 
joints,  greasing  only  the  outer  portion  (see  APTD-()576) 
to  avoid  possibihty  of  contamination  by  the  silicone 
grease.  Subject  to  the  approval  of  the  Administrator,  a 
glass  cyclone  may  be  u^  between  the  probe  and  filter 
holder  when  the  total  particulate  catch  is  expecti'd  to 
exceed  100  mg  or  when  water  droplets  arc  prc.M'iit  in  t  he 
stack  gas. 

Place  crushed  ice  around  the  impingi'rs. 

4.1.4  Leak-Check  Procedures. 

4.1.4. 1  Pretest  Leak-Check.  A  pretest  leak-check  is 
recommended,  but  not  required,  if  the  tester  opts  to 
conduct  the  pretest  leak-check,  the  following  procedure 
shall  be  used. 

After  the  sanipling  train  has  been  u.ssembled,  turn  on 
and  set  the  filter  and  probe  beating  systems  at  the  desired 
operating  temperatures.  Allow  time  (or  the  temperatures 
to  stabilize.  If  a  Viton  A  O-ring  or  other  leak-free  connec¬ 
tion  is  used  in  a.ssembling  the  probe  nozzle  to  the  probe 
liner,  leak-check  the  train  at  the  sampling  site  by  plug¬ 
ging  the  nozzle  and  pulling  a  380  mm  Ilg  (15  in.  Ilg) 
vacuum. 

Notk. — A  lower  vacuum  may  be  used,  provided  that 
it  is  not  exceeded  during  the  test. 

If  an  asbestos  string  is  used,  do  not  connect  the  prolie 
to  the  train  during  the  leak-check.  Instead,  leak-check 
the  train  by  first  plugging  the  inlet  to  the  filter  holder 
(cyclone,  if  applicable)  and  pulling  a  .380  mm  Hg  (15  in. 
Ilg)  vacuum  (see  Note  immediately  above).  Then  con¬ 
nect  the  probe  to  the  train  and  leak-check  at  about  25 
mm  Hg  (1  in.  Ilg)  vacuum;  alternatively,  the  probe  may 
be  leak-checked  with  the  rest  of  the  sampling  train,  in 
one  step,  at  380  mm  Ilg  (15  in.  Hg)  vacuum.  Leakage 
rates  in  excess  of  4  percent  of  the  average  .sampling  rate 
or  0.00057  111  >/min  (0.02  cfni),  whichever  is  le.ss,  aie 
unacceptable. 

The  following  leak-check  instructions  for  the  sanipling 
train  described  in  APTD-tVi76  and  APTD-0.581  may  be 
helpful.  Start  the  pump  with  bypass  valve  fully  open 
and  coarse  adju.st  valve  completely  closed.  P^ially 
open  the  coarse  adjust  valve  and  slowly  close  the  bypass 
valve  until  the  deshed  vacuum  is  reached.  Do  not  reverse 
direction  of  bypa-ss  valve;  tliis  will  cause  water  to  back 
up  into  the  filter  holder.  If  the  desired  vacuum  is  ex¬ 
ceeded,  either  leak-t'heck  at  this  higher  vacuum  or  end 
the  leak  check  as  shown  below  and  start  over. 

When  the  leak-i'heck  is  completed,  first  slowly  remove 
the  plug  from  the  inlet  to  the  probe,  filter  holder,  or 
cyclone  (if  applicable)  and  immediately  turn  off  the 
vaccum  pump.  This  prevents  the  water  in  the  impingers 
from  being  fori'ed  backward  into  the  filter  holder  and 
silica  gel  from  being  entrained  backward  into  the  third 
impinger. 

4.1.4.2  Leak-Checks  During  Sample  Run.  If,  during 
the  sampling  run,  a  component  (e.g.,  filter  assembly 
or  impinger)  change  becomes  necessary,  a  leak-check 
shall  be  conducted  immediately  before  the  change  is 
made.  The  leak-i'heck  shall  be  done  according  to  the 
procedure  outlined  in  Section  4. 1.4.1  above,  except  that 
It  shall  be  done  at  a  vacuum  equal  to  or  greater  than  the 
maximum  value  rei'orded  up  to  that  point  in  the  test. 
If  the  leakage  rate  is  found  to  be  no  greater  than  0.00057 
m’/min  (0.02  cfm)  or  4  percent  of  the  average  sampling 
rate  (whichever  is  less),  the  results  are  ai'ceptable,  and 
no  correction  will  need  to  be  applied  to  the  total  volunic 
of  dry  gas  metered;  if,  however,  a  higher  leakage  rate 
is  obtained,  the  tester  shall  either  record  the  leakage 
rate  and  plan  to  (orrect  the  sample  volume  as  shown  in 
Section  0.3  of  this  method,  or  shall  void  the  sampling 
nm. 

Inunediately  after  ('omponent  changes,  leak-checks 
are  optional;  if  such  leak-checks  are  done,  the  procedure 
outlined  in  Section  4.1. 4.1  above  shall  be  used. 

4. 1.4. 3  Post-test  Leak -Check.  A  leak -check  is  manda¬ 
tory  at  the  conclusion  of  each  sanipling  run.  The  leak- 
check  shall  be  done  in  a»'eordance  with  the  procedures 
outlined  in  Section  4.t.4.1,  except  that  it  shall  be  coii- 
ducti'd  at  a  vacuum  e<(ual  to  or  greater  than  the  maxi¬ 
mum  value  reached  during  the  sampling  run.  If  the 
leakage  rate  is  found  to  be  no  greater  than  0.00057  nit 'min 
(0.02  cfm)  or  4  percent  of  the  average  sampling  rale 
(whichever  is  less),  the  results  %re  acceptable,  and  no 
correction  need  be  applied  to  the  total  volume  of  dry  gas 
metered.  If,  however,  a  higher  leakage  rate  is  obtained, 
the  tester  shall  either  record  the  leakage  rate  and  correct 
the  sample  volume  as  shown  in  Section  6.3  of  this  method, 
or  shall  void  the  sampling  run. 

4.1.5  Particulate  Train  Operation.  During  the 
sampling  run,  maintain  an  isokinetic  sampling  rate 
(within  10  percent  of  true  isokinetic  unless  otherwise 
specified  by  the  Administrator)  and  a  temperat(’.>« 
around  the  filter  of  120±14°  C  (248^-25°  F),  or  such  ( '.her 
temperature  as  specified  by  an  appliu^ble  subpert  of  the 
standards  or  approved  by  the  AominisUaU;: . 

For  each  run,  record  the  data  required  on  a  data  sheet 
such  as  the  one  shown  in  Figure  5-2.  Be  sure  to  record  the 
initial  dry  gas  meter  reading.  Record  the  dry  gas  meter 
readings  at  the  beginning  and  end  of  each  sampung  time 
increment,  when  changes  in  flow  rates  are  made,  Defore 
and  after  each  leak  check,  and  when  sampling  is  halted; 
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Take  other  readings  required  by  Figure  5-2  at  least  once 
at  each  sample  point  during  each  time  increment  and 
additional  readings  when  significant  changes  (20  percent 
variation  in  velocity  bead  reading)  necessitate  addi¬ 
tional  adjustments  in  flow  rate.  Level  and  rero  the 
manometer.  Because  the  manometer  level  and  zero  may 
drift  due  to  vibrations  and  temperature  changes,  make 
periodic  checks  during  the  traverse. 


Clean  the  portholes  prior  to  the  test  run  to  minimize 
the  chance  of  sampling  deposited  materiaL  To  begin 
sampling,  remove  the  nozzle  cap,  verify  that  the  filter 
and  probe  beating  systems  are  up  to  temperature,  and 
that  the  pitot  tube  and  probe  are  properly  positioned. 
Position  the  nozzle  at  the  first  traverse  point  with  the  tip 
pointing  directly  into  the  gas  stream.  Immediately  start 
the  pump  and  adjust  the  flow  to  isokinetic  conditions. 
Nomographs  are  available,  which  aid  in  the  rapid  adjust¬ 


ment  of  the  isokinetic  sampling  rate  without  excessive 
computations.  These  nomographs  are  designed  for  use 
when  the  Type  8  pitot  tube  coefficient  is  0.s5±0.0(2,  and 
the  stack  gas  equi^ent  density  (drv  molecular  weight) 
is  ^ual  to  29d:4.  APTD-057S  details  the  procedure  for 
using  the  nmnographs.  If  C,  and  Mt  are  outside  the 
above  stated  ranges  do  not  use  the  nomographs  unless 
appropriate  steps  (see  Citation  7  in  Section  7)  are  taken 
to  compensate  fur  the  deviations. 
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When  the  stack  is  under  significant  negative  pressure 
(height  of  impingcr  stem),  take  care  to  close  the  coarse 
adjust  valve  before  inserting  the  probe  into  the  stack  to 
prevent  water  from  backing  into  the  filter  holder.  If 
necessary,  the  pump  may  be  turned  on  with  the  coarse 
adjust  valve  closed. 

When  the  probe  is  in  ptosition,  block  off  the  openings 
aroimd  the  probe  and  porthole  to  prevent  unrepre¬ 
sentative  dilution  of  the  gas  stream. 

Traverse  the  stack  cross-section,  as  required  by  Method 
1  or  as  specified  by  the  Administrator,  being  careful  not 
to  bump  the  probe  nozzle  into  the  stack  walls  when 
sampling  near  the  walls  or  when  removing  or  inserting 
tlie  probe  through  the  portholes:  this  minimizes  the 
chance  of  extracting  deposited  material. 

Diuing  the  test  ran,  make  periodic  adjustments  to 
keep  the  temperature  around  the  filter  holder  at  the 
propter  level;  add  more  ice  and,  if  necessary,  salt  to 
maintain  a  temperature  of  less  than  20°  C  (08°  F )  at  the 
condenser 'silica  gel  outlet.  Also,  periodically  check 
the  level  and  zero  of  the  manometer. 

If  the  pressiure  drop  across  the  filter  becomes  too  high, 
making  isokinetic  sampling  difficult  to  maintain,  the 
filter  may  be  replaced  in  the  midst  of  a  sample  ran.  It 
is  recommended  that  another  complete  filter  assembly 
he  used  rather  than  attempting  to  change  the  filter  itself. 
Before  a  new  filter  assembly  is  installed,  conduct  a  leak- 
check  (see  Section  4.1.4. 2).  The  total  particulate  weight 
shall  include  the  summation  of  all  filter  as^mbly  catches. 

A  single  train  shall  be  used  for  the  entire  sample  ran, 
except  in  cases  where  simultaneous  sampling  is  rmuired 
in  two  or  more  separate  ducts  or  at  two  or  more  different 
locations  within  the  same  duct,  or,  in  cases  where  equip¬ 
ment  failure  necessitates  a  change  of  trains.  In  all  other 
situations,  the  use  of  two  or  more  trains  will  be  subject  to 
the  approval  of  the  Administrator. 


Figure  5*2.  Particulate  field  data. 


Note  that  when  two  or  more  trains  are  used,  separate 
analyses  of  the  front-half  and  (if  applicable)  impinger 
catches  from  each  train  shall  be  performed,  unless  identi¬ 
cal  nozzle  sizes  were  used  on  all  trains,  in  which  case,  the 
front-half  catches  from  the  individual  trains  may  be 
combined  (as  may  the  impinger  catches)  and  one  anmysis 
of  front-hidf  catch  and  one  analysis  of  impinger  catch 
may  be  performed.  Consult  with  the  Administrator  for 
details  concerning  the  calculation  of  results  when  two  or 
more  trains  are  used. 

At  the  end  of  the  sample  run,  turn  off  the  coarse  adjust 
valve,  remove  the  probe  and  nozzle  from  the  stack,  turn 
off  the  pump,  record  the  final  dry  gas  meter  reading,  and 
conduct  a  post-test  leak-check,  as  outlined  in  Section 
4. 1.4.3.  Also,  leak-check  the  pitot  lines  as  described  in 
Method  2,  S«K'tion  3.1;  the  lines  must  pass  this  leak-check, 
in  order  to  validate  the  velocity  head  data. 

4.1.6  Calculation  of  Percent  Isokinetic.  Calculate 
percent  isokinetic  (see  Calculations,  Section  6)  to  deter¬ 
mine  whether  the  ran  was  valid  or  another  test  ran 
should^  made.  If  there  was  difficulty  in  maintaining 
isokinetic  rates  due  to  source  conditions,  consult  with 
the  Administrator  for  possible  variance  on  the  isokinetic 
rates. 

4.'2  Sample  Recovery.  Proper  cleanup  procedure 
l>egins  as  soon  as  the  probe  is  removtHl  from  the  stack  at 
the  end  of  the  sampling  period.  Allow  the  prol)e  to  cool. 

When  the  probe  can  (re  safely  handled,  wipe  off  all 
external  particulate  matter  near  the  tip  of  the  probe 
nozzle  and  place  a  cap  over  it  to  prevent  losing  or  gaining 
I>articulate  matter.  f)o  not  cap  off  the  probe  tip  tightly 
while  the  sampling  train  is  cooling  down  as  this  would 
create  a  vacuum  in  the  filter  holder,  thus  drawing  water 
from,  the  impingers  into  the  filter  holder. 

Before  moving  the  sample  train  to  the  cleanup  site, 
remove  the  probe  from  the  sample  train,  wipe  off  the 


silicone  grea.se.  and  cap  the  open  outlet  of  the  prolre.  Be 
careful  not  to  lose  any  condensate  that  might  be  present. 
Wipe  off  the  silicone  grease  from  the  filter  inlet  where  the 
probe  was  fastened  and  cap  it.  Remove  the  umbilical 
cord  from  the  last  impinger  and  cap  the  impinger.  If  a 
flexible  line  is  used  between  the  fi^  impinger  or  con¬ 
denser  and  the  filter  holder,  disconnect  the  line  at  the 
filter  holder  and  let  any  condensed  water  or  liquid 
drain  into  the  impingers  or  condenser.  After  wiping  off 
the  silicone  grease,  cap  off  the  filter  bolder  outlet  and 
impinger  inlet.  Either  ground-glass  stoppers,  plastic 
caps,  or  serum  caps  may  be  used  to  close  these  openings. 

Transfer  the  probe  and  filter-impinger  assembly  to  tlio 
cleanup  area.  'This  area  should  be  clean  and  protected 
from  the  wind  so  that  the  chances  of  contaminating  or 
losing  the  sample  will  be  minimized. 

Save  a  iwrtion  of  the  acetone  used  for  cleanup  as  a 
blank.  Take  200  ml  of  this  acetone  directly  from  the  wash 
tjottle  being  used  and  place  it  in  a  glass  sample  container 
labeled  “acetone  blank.” 

Inspect  the  train  prior  to  and  during  disass4-mt>ly  and 
note  any  abnormal  conditions.  Treat  the  samples  as 
follows: 

CorUainfT  No.  t.  Carefully  remove  the  filter  from  the 
filter  holder  and  place  it  in  its  identified  petri  dish  con¬ 
tainer.  Use  a  pair  of  tweezers  and, 'or  clean  disposable 
surgical  gloves  to  handle  the  filter.  If  it  is  necessary  to 
fold  the  filter,  do  so  such  that  the  particulate  cake  is 
inside  the  fold.  Carefully  transfer  to  the  petri  dish  any 
particulate  matter  and/or  filter  fibers  which  adhere  to 
the  filter  holder  gasket,  by  using  a  dry  nylon  bristle 
brush  and,'or  a  sharp-edged  blade.  Seal  the  container. 

Container  No.  t.  Taking  care  to  see  that  dust  on  the 
outdde  of  the  probe  or  other  exterior  surfacea  does  not 
get  into  the  sample,  quantitatively  recover  particulate 
matter  or  any  condensate  from  the  probe  nozzle,  probe 
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fiuiiie,  prob«  liiU'f,  ainl  front  half  of  the  fUlor  lioldur  by 
wasliiiif!  these  eoinponcnts  r^ith  acetone  and  placing  Uie 
Wifslt  in  a  glass  container.  Distilled  wat«r  may  be  used 
instuad  of  acetone  when  approved  by  the  Administrator 
and  shall  be  used  when  specified  by  the  Administrator; 
in  these  cases,  save  a  water  blank  and  follow  the  Admin- 
istrator’s  directions  on  analysis.  I'erfurm  the  acetone 
rinses  a.s  follows: 

Carefully  remove  the  probe  noizle  and  ch'an  tlie  inside 
surface  by  rinsinp;  with  ai-etone  from  a  wa.sli  Irollle  and 
brushing  with  a  nylon  bristle  brush.  Hnish  until  the 
ttcetone  rinse  shows  no  visible  i>ai tides,  after  which 
make  a  iinal  rinsr"  of  the  inside  surface  with  acetone. 

Hrush  and  rins<'  the  inshle  parts  of  tlie  ijwagelok 
litting  with  acetone  in  a  similar  way  tintil  no  visible 
I«:irticles  remain. 

Hinse  the  proire  liner  with  acetone  by  tilling  and 
rotating  the  |>rolH'  while  suuirting  acetone  into  its  upi>er 
end  so  that  all  inside  snrfa<*es  will  Iv*  wetted  with  ac«'- 
lone.  L.et  the  acetoiu!  drain  from  the  lower  end  into  the 
samjtle  eontainer.  A  funnel  (glass  or  ixilyethyletie)  may 
Ik'  usi'd  to  aid  in  transferring  Ihiuid  washes  to  the  con¬ 
tainer.  Follow  the  ar'etone  rin.se  with  a  protie  hrush. 
Hold  the  prolic  iii  an  inclined  position,  siiiiirt  acetone 
into  the  tiitper  end  as  the  probe  briish  is  Iwing  pushed 
w  ith  a  twisting  action  through  tlie  prolte;  hold  a  sample 
container  undenii'ath  the  lower  end  of  the  prolte,  and 
catch  any  acetone  and  luuticiilatr'  matter  which  is 
bnished  from  the  probi’.  Run  the  brush  through  the 
ivrolte  three  times  or  iniHe  until  no  visible  ])arlictilate 
matter  is  carried  out  with  the  ivs-tone  or  until  none 
remains  in  the  prolie  litter  on  vistml  inspection.  With 
stainless  steel  or  other  metal  (irolies,  run  the  brush 
tlirough  in  the.  above  picscrilHd  manner  at  least,  six 
times  since  metal  prois's  have  small  crevices  in  which 
Itartictilate  malic  can  be  eiitrapixl.  Kinsi*  the  brush 
with  acetone,  and  quantitatively  eolhs't  these  washings 
in  the  sample  container,  .\fler  the  lirusliing,  make  a 
final  acetone  rinsi'  of  the  proU-  as  de«crib<‘d  altove. 

It  is  recommended  that  two  people  Ire  used  to  clean 
tlie  probe  to  minimize  sample  losses.  Hetween  sampling 
runs,  keep  bnishes  clean  and  protected  from  contamina¬ 
tion. 

After  enstiring  that  all  joints  have  been  wiped  clean 
of  silicone  grease,  clean  the  inside  of  the  front  lialf  of  the 
filter  holder  by  rubbing  the  surfaces  with  a  nylon  bristle 
brush  and  rinsing  with  acetone.  Rinse  each  stirface 
three  times  or  more  if  needed  to  remove  visible  paitieu- 
late.  Make  a  final  rinse  of  Uie  brush  and  filter  bolder. 
Carefully  rinse  out  the  gla.ss  t  yclone,  also  (if  applicable). 
After  all  ai-etone  washings  aiid  particulate  matter  have 
lieen  collected  in  the  sample  eontainer,  tighten  the  lid 
on  the  sample  container  so  that  ai'etone  will  not  leak 
out  when  it  is  shipped  to  the  laltoratory.  Mark  tlie 
lieight  of  the  fluid  level  to  determine  whether  or  not 
leakage  occurred  during  transport.  Lalx-l  the  container 
to  clearly  identify  its  contents. 

Container  -Vo.  3.  Note  the  l  olor  of  the  indicating  silica 
gel  to  determine  if  it  lias  been  completely  spent  and  make 
a  notation  of  its  condition  Transfer  the  silica  gel  from 
the  fourth  uiipinger  to  its  original  container  and  seal. 
A  funnel  may  make  it  easier  to  pour  the  silica  gel  without 
spilling.  A  rubber  policeman  may  be  msed  as  an  aid  in 
removing  the  silica  gel  from  the  impinger.  It  is  not 
necessary  to  removo-Uie  small  amount  of  dust  particles 
that  may  adhere  to  the  impinger  wall  and  are  diflieult 
to  remove.  tUuce  tiie  gain  in  weight  is  to  be  list'd  lor 
moisture  calculations,  do  nut  use  any  water  or  other 
liquids  to  transfer  the  silica  gel.  If  a  balaiu'e  is  available 
in  the  field,  follow  the  procedure  for  container  No.  3 
in  Section  4.3. 

Impinger  Hater.  Treat  the  iiiipingers  as  follows:  Make 
a  notation  of  any  color  or  film  in  the  litpiid  catch.  Measure 
the  liquid  which  is  in  the  first  three  iiiipingers  to  within 
=*=1  ml  by  ii.sing  a  graduated  cylinder  or  by  weighing  it 
to  within  ±0..'i  g  by  using  a  halani'e  (if  one  is  available). 
Record  the  volume  or  weight  of  litiiiid  inresent.  This 
intormaliou  is  required  to  <  alculate  the  luoLsturc  couteiit 
of  (he  effluent  gas. 

Disi'ard  the  liquid  after  measuring  and  rinording  the 
volume  or  weight,  unless  analysis  of  the  impinger  catch 
IS  required  (see  Note,  SecUon  2.1.7). 

If  a  different  type  of  condenser  is  used,  measure  the 
amount  of  luoistiure  condensed  either  volumetrically  or 
graviinetrically. 

Whenever  passible,  containers  .should  be  shipped  in 
such  a  way  that  they  remain  iiprigbi  at  all  times. 

4.3  AiiMysis.  Record  tlie  data  reipiired  on  a  sheet 
such  as  the  one  shown  iu  Figure  6-3.  Handle  each  sample 
container  as  follows: 

Container  No.  I.  Leave  the  contents  in  the  shipping 
container  or  tian.sfer  the  filter  and  any  loose  pa^culate 
from  the  sanipie  container  to  a  tared  glass  weighing  dish. 
Desiccate  for  24  hours  in  a  desiccator  uoiitaiuiiig  anhy¬ 
drous  calcium  sulfate.  Weigh  to  a  constant  weight  and 
report  the  results  to  the  nearest  0.1  mg.  For  piurposes  of 
this  Section,  4.3,  the  term  “constant  weight’’  means  a 
difference  of  no  more  than  0.6  mg  or  1  percent  of  total 
weight  less  tare  weight,  whichever  is  greater,  between 
two  consecutive  weighings,  with  no  less  than  £  hours  of 
de.'^ici'atioti  time  between  weighings. 


Plant _ _ _ 

Date _ _ _ 

Run  No _ _ 

Filter  No. _ 

Amount  liquid  lost  during  transport  - 

Acetone  blank  volume,  ml _ 

Acetone  wash  volume,  ml _ 

Acetone  blank  concentration,  mg/mg  (equation  5-4). 
Acetone  wash  blank,  mg  (equation  5-5) _ 


CONTAINER 

NUMBER 

WEIGHT  OF  PARTICULATE  COLLECTED, 
mg 

FINAL  WEIGHT 

TARE  WEIGHT 

WEIGHT  GAIN 

1 

2 

TOTAL 

Less  acetone  blank 

Weight  of  particulate  matter 

VOLUME  OF  LIQUID 

WATER  COLLECTED 

IMPINGER 

VOLUME, 

ml. 

SILICA  GEL 
WEIGHT, 

9 

FINAL 

INITIAL 

LIQUID  COLLECTED 

TOTAL  VOLUME  COLLECTED 

g*  ml 

*  CONVERT  WEIGHT  OF  WATER  TO  VOLUME  BY  DIVIDING  TOTAL  WEIGHT 
INCREASE  BY  DENSITY  OF  WATER  (Ig/ml); 

INCREASE,  g  .  WATER,  ml 

1  g/ml 


Figure  5-3.  Analytical  data. 
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Alternatively,  the  sample  may  be  oven  dried  at  106“  C 
(220^  F)  for  2  to  3  hours,  cooled  in  the  desiccator,  and 
weighed  to  a  constant  weight,  unless  otherwise  specihed 
by  the  Administrator.  The  tester  may  also  opt  to  oven 
dry  the  sample  at  105  “  C  (220  “  F)  for  2  to  3  hours,  weigh 
the  sample,  and  use  this  weight  as  a  final  weight. 

Coiitaintr  No.  t.  Note  the  level  of  liquid  in  the  container 
and  confirm,on  the  analysis  sheet  whether  or  not  leakage 
occurred  during  transport.  If  a  noticeable  amount  of 
leakage  has  occurred,  either  void  the  sample  or  use 
methods,  subject  to  the  approval  of  the  Administrator, 
to  correct  the  final  results.  Measure  the  liquid  in  this 
contaqjier  either  volumetrically  to  ±1  ml  or  gravi- 
metrically  to  ±0.5  g.  Transfer  the  contents  to  a  tared 
2.'j0-ml  beaker  and  evaporate  to  dryness  at  ambient 
temperature  and  pressure.  Desiccate  for  24  hours  and 
weigh  to  a  constant  weight.  Report  the  results  to  the 
nearest  0.1  mg. 

Container  No.  S.  Weigh  the  spent  silica  gel  (or  silica  gel 
plus  impinger)  to  the  nearest  0.5  g  using  a  balance.  This 
step  may  be  conducted  in  the  field. 

“Acetone  Blank”  Container.  Measure  acetone  in  this 
container  either  volumetrically  or  gravimetrically. 
Transfer  the  acetone  to  a  tared  2^ml  beaker  and  evap¬ 
orate  to  dryness  at  ambient  temperature  and  pressure. 
Desiccate  for  24  hours  and  weigh  to  a  contsant  weight. 
Report  the  results  to  the  nearest  0.1  mg. 

Note. — At  the  option  of  the  tester,  the  contents  of 
Container  No.  2  as  well  as  the  acetone  blank  container 
may  be  evaporated  at  temperatures  higher  than  ambi¬ 
ent.  If  evaporation  is  done  at  an  elevated  temperature, 
the  temperature  must  he  below  the  boiling  point  of  the 
solvent;  also,  to  prevent  “bumping,”  the  evaporation 
process  must  be  closely  supervised,  and  the  contents  of 
the  beaker  must  be  swirled  occasionally  to  maintain  an 
even  temperature.  Use  extreme  care,  as  acetone  is  highly 
flammable  and  has  a  low  flash  point. 

5.  Calibration 

Maintain  a  laboratory  log  of  all  calibrations. 

5.1  Probe  Norxle.  Probe  norzles  sliail  be  calibrated 
before  their  initial  use  in  the  field.  Using  a  micrometer, 
measure  the  inside  diameter  of  the  norrle  to  the  nearest 
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0.025  mm  (0.001  in.  ).  Make  three  sep)arate  measurements 
using  different  diameters  each  time,  and  obtain  the  aver¬ 
age  of  the  measurements.  The  difference  between  the  high 
and  low  numbers  shall  not  exceed  0.1  mm  (0.004  in.). 
When  nozzles  become  nicked,  dented,  or  corroded,  they 
shall  be  reshsp>ed,  sharpiened,  and  recalibrated  before 
use.  Each  nozzle  shall  be  piermanently  and  uniquely 
identified. 

5.2  Pitot  Tube.  The  TypH'  S  pitot  tube  assembly  shall 
l>e  calibrated  according  to  the  procedure  outlined  in 
Section  4  of  Method  2. 

5.3  Metering  System.  Before  its  initial  use  in  the  field, 
the  metering  system  shall  be  calibrated  according  to  the 
procedure  outiined  in  APTD-0576.  Instead  of  physically 
adjusting  the  dry  gas  meter  dial  readings  to  corresp)ond 
to  the  wet  test  meter  readings,  calibration  factors  may  be 
used  to  mathematically  correct  the  gas  meter  dial  readings 
to  the  propier  values.  Before  calibrating  the  metering  sys¬ 
tem,  it  is  suggested  that  a  leak-check  be  conducted. 
For  metering  systems  having  diaphragm  pumpis,  the 
normal  leak-check  procedure  will  not  detect  leakages 
within  the  pump.  For  these  cases  the  following  leak- 
check  procedure  is  suggested:  make  a  10-minute  calibra¬ 
tion  run  at  0.00057  m  Vmin  (0. 02  cfm);  at  the  end  of  the 
run,  take  the  difference  of  the  measured  wet  test  meter 
and  dry  gas  meter  volumes;  divide  the  difference  by  10, 
to  get  the  leak  rate.  The  leak  rate  should  not  exceed 
0.00057  m  Vmin  (0.02  cfm). 

After  each  field  use,  the  calibration  of  the  metering 
system  shall  be  checked  by  pK'rforming  three  calibration 
runs  at  a  single,  intermediate  orifice  setting  (based  on 
the  previous  field  test),  with  the  vacuum  set  at  the 
maximum  value  reached  during  the  test  series.  To 
adjust  the  vacuum,  insert  a  valve  between  the  wet  test 
meter  and  the  inlet  of  the  metering  system.  Calculate 
the  average  value  of  the  calibration  factor.  If  the  calibra¬ 
tion  has  changed  by  more  than  5  percent,  recalibrate 
the  meter  over  the  full  range  of  orifice  settings,  as  out¬ 
lined  in  APTD-0576. 

Alternative  procedures,  e.g.,  using  the  orifice  meter 
coefficients,  may  be  used,  subjiH;!  to  the  approval  of  the 
Administrator. 
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Note. — It  the  dry  gas  meter  coefficient  values  obtained 
before  and  after  a  test  series  differ  by  more  than  5  p>ercent, 
the  test  series  shall  either  be  voided,  or  calculations  for 
the  test  series  shall  be  pjerformed  using  whichever  meter 
coefficient  value  (l.e.,  before  or  after)  gives  the  lower 
value  of  total  sampfle  volume. 

5.4  Probe  Heater  Calibration.  The  probe  heating 
system  shall  be  caUbrated  before  its  initial  use  in  the 
field  according  to  the  pirocedure  outlined  in  APTD-0576. 
Probes  constructed  according  to  APTD-0581  need  not 
be  calibrated  if  the  calibration  curves  in  APTD-0576 
are  used. 

5.5  Temp)erature  Gauges.  Use  the  procedure  in 
Section  4.3  of  Method  2  to  caUbrate  in-stack  tempterature 
gauges.  Dial  thermometers,  such  as  are  used  for  the  dry 
gas  meter  and  condenser  outlet,  shall  be  calibrated 
against  merciiry-in-glass  thermometers. 

5.6  Leak  Check  of  Metering  System  Shown  in  Figure 
5-1.  That  pjortion  of  the  sampling  train  from  the  pump 
to  the  orifice  meter  should  be  leak  checked  pwior  to  initial 
use  and  after  each  shipiment.  Ix^age  after  the  pump  will 
result  in  less  volume  being  recorded  than  is  actually 
sampled.  The  following  procedure  is  suggested  (see 
Figure  5-4):  Close  the  main  valve  on  the  meter  box. 
Insert  a  one-hole  rubber  stoppter  with  rubber  tubing 
attached  into  the  orifice  exhaust  p>ip>e.  Disconnect  and 
vent  the  low  side  of  the  orifice  manometer.  Close  off  the 
low  side  orifice  tap.  Pressurize  the  system  to  13  to  18  cm 
(6  to  7  in.)  water  column  by  blowing  into  the  rubber 
tubing.  Pinch  off  the  tubing  and  observe  the  manometer 
for  one  minute.  A  loss  of  pressure  on  the  manometer 
indicates  a  leak  in  the  meter  box;  leaks,  if  present,  must 
be  corrected. 

5.7  Barometer.  Calibrate  against  a  mercury  barom¬ 
eter. 

6.  Caleulalione 

Carry  out  calculations,  retaining  at  least  one  extra 
decimM  figme  beyond  that  of  the  acquired  data.  Round 
off  figures  after  the  final  calculation.  Other  forms  of  the 
equations  may  be  used  as  long  as  they  give  e<pui valent 
results. 


6. 1  Nomenclature 

Am  =  Cross-sectional  area  of  nozzle,  m*  (ft*). 

=Water  vaptor  in  th?  gas  stream,  propiortion 
by  volume. 

Cm  =  Acetone  blank  residue  concentrations,  mg/g. 

e,  =  Concentration  of  ptarticuiate  matter  in  stack 
gas,  dry  basis,  corrected  to  standard  condi¬ 
tions,  g/dsem  (g/dsef). 

I  =  Percent  of  isokinet  ic  sampling. 

£,  =Maximum  acceptable  leakage  rate  for  either  a 
pretest  leak  check  or  for  a  leak  check  follow¬ 
ing  a  component  change;  equal  to  0.00057 
m>/min  (0.ff2  cfm)  or  4  p)ercent  of  the  average 
sampling  rate,  whichever  is  less. 

Li  =  Individual  leakage  rate  observed  during  the 
leak  check  conducted  prior  to  the 
component  change  (i=l,  2,  3  ....  n), 
m’/min  (cfm). 

L,  =  Leakage  rate  observed  during  the  px)st-test 
leak  check,  m»'min  (cfm). 

m,  =  Total  amount  of  pmrticulate  mat  ter  collected, 

mg. 

Mm  =. Molecular  weight  of  water,  18.0  g'g-mole 

(18.0  lb, lb-mole). 

m.  =Mass  of  residue  of  acetone  after  evaptoration, 
mg. 

Pb»r  =  Barometric  pressure  at  the  sampling  site, 
mm  Hg  (in.  Ug). 

P.  sAbsolutestackgaspressure,mmHg(in.I^). 

P»ta  «=  Standard  absolute  pressure,  760  mm  Hg 
(29.92  in.  Hg). 


Figure  5-4.  Leak  check  of  meter 


B  =  Ideal  gas  constant,  0.06236  mm  Hg-mV“K-g- 
mole  (21.85  in.  Hg-ft»/“R-lb-mole). 

Tm  =  Absolute  average  dry  gas  meter  temperature 
(see  Figure  5-2),  “K  (°R). 

T,  ^Absolute  average  stack  gas  temperature  (see 
Figure  5-2),  “K  (“R). 

T.td  =  standard  absolute  temperature,  293“  K 
(528“  K). 

Vm  =Volume  of  acetone  blank,  ml. 

I',  «  =  Volume  of  acetone  used  in  wash,  ml. 

l'i.  =  Total  volume  of  liquid  collected  in  impingers 
and  silick  gel  (see  Figure  5-3),  ml. 
'l'»=Volume  of  gas  sample  as  measured  by  dry  gas 
meter,  dem  (def ). 

Id )= Volume  of  gas  sample  measured  by  the  dry 
gas  meter,  corrected  to  standard  conditions, 
dsem  (dsef). 

Uift. Id) = Volume  of  water  vapior  in  the  gas  sample, 
corrected  to  standard  conditions,  sem  (scf). 
V’,=StacJc  gas  velocity,  calculated  by  Method  2, 
Equation  2-9,  using  data  obtained  from 
Method  5,  m/sec  (ttjaec). 
lF.=Weight  of  residue  in  acetone  wash,  mg. 
K=Dry  gas  meter  calibration  factor. 

Aif= Average  pressure  differential  across  the  orifice 
meter  (see  Figiue  5-2),  mm  HjO  (in.  HiO). 
p,=  Density  of  acetone,  mg/ml  (see  label  on 
bottle).  • 

P«= Density  of  water,  0.9982  g'ml  (0.002201 
Ib/ml). 

*= Total  sampling  time,  min. 


Si  =  Samp)liag  time  interval,  from  the  begiiming 
of  a  run  until  the  first  comptonent  change, 
min. 

01= Sampling  time  interval,  between  two  suc¬ 
cessive  component  changes,  beginning  with 
the  interval  between  the  first  and  second 
changes,  min. 

=  Sampling  time  interval,  from  the  final  (n*i>) 
component  change  until  the  end  of  the 
sampling  run,  min. 

13.6=Sp)eciflc  gravity  of  merctuy. 

60=Sec/min. 

100= Conversion  to  ptertent. 

6.2  Average  dry  gas  meter  tempterature  and  average 
orifice  pressure  drop.  See  data  sheet  (Figure  5-2). 

6.3  Dry  Oas  Volume.  Correct  the  sample  volume 
measured  by  the  dry  gas  meter  to  standard  conditions 
(20^  C,  760  mm  Hg  or  68“  F,  29.92  in.  Hg)  by  using 
Equation  5-1. 


y  A/T/TS.G) 

I'm 

Equation  5-1 
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wnwr, 

]ni=0.3S.'i8  *K/min  Hg  for  metric  units 
>17.64  ‘B/in.  Ug  lor  English  units 

Note.— Equation  5-1  can  be  used  as  uritten  unless 
the  leakage  rate  observed  during  any  of  the  mandatory 
leak  checks  (i.e.,  the  post-test  iMk  check  or  leak  checks 
conducted  prior  to  componeiH  changes)  exceeds  11 
E*  or  Ei  exceeds  E.,  Equation  5-1  must  be  modified  as 
follows; 

(a)  Ca.<ie  I.  No  component  changes  made  during 
sampling  run.  In  this  case,  replace  I’,  in  Equation  5-1 
with  the  expression; 


Note— In  mturafed  or  water  droplet-laden  gas 
streams,  two  ealcnlations  of  the  moisture  content  of  the 
stak  gas  shall  be  made,  one  from  the  impinger  analysis 
(Equation  5-3>,  and  a  second  from  the  assumption  ol 
saturated  conditions.  The  lower  of  the  two  values  ol 
shall  be  considered  correct.  The  procedure  ftw  deter¬ 
mining  the  moisture  content  based  upon  assumption  of 
saturated  conditions  is  given  in  the  Note  of  Section  1.2 
of  Method  4.  For  the  purposes  of  this  method,  the  average 
sta<'k  gas  temperature  from  Figure  5-2  may  be  used  to 
make  this  determination,  provided  that  the  accuracy  ol 
the  in-sta»k  temperature  sensor  is  ±  1“  C  (2®  F). 

6  6  Acetone  Blank  Concentration. 


V^-iL,-La)e] 

(b)  Case  II.  One  or  more  component  chaiHtes  made 
during  the  sampling  nin.  In  this  case,  replai.-e  V'«  in 
Equation  5-1  by  the  expression; 


C,= 


rrta 
L'a  Pa 


fi.T  Ai'fioiie  Wash  Blank. 


Equation  5  -4 


^  j  (^»  {Lp — 


and  substitute  only  lor  those  leakage  rates  (Li  or  L.) 
which  exceed  L,. 

6.4  Volume  of  water  vapor. 


Equation  5-2 


where; 

A’l— 0.001333  m*/ml  lor  metric  units 
=0.047OT  ftt/ml  lor  English  units. 

6.5  Moisture  Content. 

JJ  _ («tH) _ 

(•«))  +  Vir  (,m) 


Equation  5-3 


II  a —  I  oir  Pa 

Equation  5-5 

6.8  Total  Particulate  Weight.  Determine  the  total 
paniculate  catch  from  the  sum  ol  the  weights  obtained 
from  containers  1  and  2  less  the  acetone  hlark  (see  Figure 
5-3).  Note.— Refer  to  Section  4.1.5  to  assist  in  esdeuiation 
of  results  involving  two  or  more  filter  asscmbliee  m  two 
or  more  sampling  trains. 

6.9  Particulate  Concentration. 


f.=  (0.001  g!mg) 


6  10 

Conversion  Fa<'tors; 

Equation  5-6 

From 

To 

Multiply  by 

fcj 

m* 

ft02832. 

g/ft* 

gr/ft* 

15. 43 

g.fi* 

Ib/ft* 

2.205X10-* 

g;(l* 

E.m> 

35  31 

6.11  Isokinetic  Variation. 

6.11.1  Calculation  From  Raw  Data. 


j_'i00T,\KtVu  +  (VjT„)(P^p,-]  Ag/13.6)] 
60 ^t>,  P,^4, 


Equation  5-7 


Where: 

mm  llg— mVml— ®K  for  metric  units. 
“0.002669  in.  Hg— ftVml— ®R  for  English  units. 

6.11.2  Calculation  From  Interme^ate  Values. 

I  —  100 

T.,av,e  ApP,60(l-lC.) 

_  1  -  _  1' •\jH  (wd)  _ 

~  *  P.V.A^e(l-13,r.) 
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Equation  .5-8 

where; 

A’4“  4.320  for  metric  units 
“0.09450  for  English  units. 

6.12  Acceptable  Results.  If  90  percent  </<110  per¬ 
cent,  the  results  are  acceptable.  If  the  results  are  low  in 
comparison  to  the  standard  and  I  is  beyond  the  accept¬ 
able  range,  or,  if  1  is  less  than  00  percent,  the  Adminis¬ 
trator  may  opt  to  accept  the  results.  Use  Citation  4  to 
make]udgments.  Otlierwise,  reject  the  results  and  repeat 
the  test. 
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1.  Principle  and  Applicability 

1.1  Principle.  A  gas  sample  is  extracted  from  the 
sampling  point  in  the  stack.  The  sulfuric  acid  mist 
ducluding  sulfur  trioxide)  and  the  sulfur  dioxide  are 
separated.  The  sulfur  dioxide  fraction  is  measured  by 
the  barium-thorin  titration  method. 

1.2  Applicability.  This  method  is  applicable  for  the 
deierminaiiou  of  siUfur  dioxide  emissions  from  stationary 
sources.  Tlie  minimum  detectable  limit  of  the  method 
lias  been  determined  to  be  3.4  milligrams  (mg)  of  80i/m> 
(2.12X10-1  lb/(l>).  Although  no  upper  limit  has  been 
e.siablished,  tests  have  shown  that  concentrations  as 
high  as  80,000  mg/m*  of  SOt  can  be  collected  etfieiently 
in  two  midget  impingers,  each  containing  15  milliliters 
of  3  percent  hydrogen  peroxide,  at  a  rate  of  1.0  1pm  for 
20  minutes.  Based  on  theoretical  calculations,  the  upper 
eoneentration  limit  in  a  20-liier  sample  is  about  93,300 
mg/m*. 

Possible  interferents  are  free  ammonia,  water-soluble 
cations,  and  fluorides.  The  cations  and  fluorides  are 
removed  by  glass  wool  filters  and  an  isopropanol  buLbler, 
and  hence  do  not  affect  the  SOj  analysis.  When  samples 
are  being  taken  from  a  gas  stream  with  high  concentra¬ 
tions  of  very  fine  metallic  fumes  (such  as  in  inlets  to 
control  devices),  a  high-elficiency  glass  fiber  filter  must 
be  used  in  place  of  the  glass  wool  plug  (i.e.,  the  one  in 
the  probe)  to  remove  the  cation  interferents. 

Free  ammonia  interferes  by  reacting  with  SOj  to  form 
particulate  rtilfite  and  by  reacting  witb  the  indicator. 
If  free  ammonia  is  present  (this  can  be  determined  by 
knowledge  of  tbe  process  and  noticing  white  particulats 
matter  in  the  probe  and  isopropanol  bubbler),  alterna¬ 
tive  methods,  subject  to  the  approval  of  tbe  Administra¬ 
tor,  U.S.  Environmental  Protei'tion  Agency,  art 
required. 

2.  Apparalut 
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PROBE  (END  PACKED 
WITH  QUARTZ  OR 
PYREX  WOOL) 


THERMOMETER 


STACK  WAU 


MIDGET  IMPINGERS 


MIDGET  BUBBLER 


GLASS  WOOL 


SILICA  GEL 
DRYING  TUBE 


ICE  BATH 

THERMOMETER 


PUMP 


Figure  6-1.  SO2  sampling  train. 


SURGE  TANK 


2.1  sampling.  The  sampling  train  is  shown  in  Ficure 
fr-1,  and  component  parts  are  discussed  below.  The 
tester  has  the  option  o(  substituting  samplii^  equip¬ 
ment  described  in  Method  8  in  place  ol  the  midget  im- 
pinger  equipment  ol  Method  0.  However,  the  Method  8 
train  must  be  modified  to  include  a  heated  filter  between 
the  probe  and  isopropanol  impinger,  and  the  operation 
of  the  sampling  train  and  sample  analysis  must  be  at 
the  flow  rates  and  solution  volumes  defined  in  Metlutd  8. 

The  tester  also  has  the  option  of  determining  SOi 
simultaneously  with  particulate  matter  and  moisture 
determinations  by  (1)  reiriacing  the  water  in  a  Method  5 
impinger  system  with  3  percent  perioxide  solution,  or 
(3)  by  rep^ing  the  Method  S  water  impinger  system 
with  a  Method  8  isopropanol-filter-peroxlde  sirstem.  The 
analysis  for  80i  must  be  consistent  with  the  procedure 
in  Method  8. 

3.1.1  Probe.  Borosilicate  glass,  or  stainless  steel  (other 
materials  of  construction  may  be  used,  subject  to  the 
approval  of  the  Administrator),  approximately  8-mm 
inside  diameter,  with  a  heating  system  to  prevent  water 
condensation  and  a  filter  (either  in-stack  or  heated  out- 
stack)  to  remove  particulate  matter,  including  sulfuric 
acid  mist.  A  plug  of  glass  wool  is  a  satisfactory  filter. 

3.1.2  Bubbler  and  unpiivers.  One  midget  bubbler, 
with  medium-costfse  glass  frit  and  borosilicate  or  quarts 
glass  wool  packed  in  top  (see  Figure  6-1)  to  prevent 
sulfuric  acid  mist  carryover,  and  three  30-ml  midget 
impingeis.  The  bubbler  and  midget  impingers  must  be 
connected  in  series  with  leak-free  glass  connectors.  Sili¬ 
cone  grease  may  be  used,  if  necessary,  to  prevent  leakage. 

At  the  option  of  the  tester,  a  midget  impinger  may  be 
used  in  pl^  of  the  midget  bubbler. 

Other  collection  absorbers  and  flow  rates  may  be  used, 
but  are  subject  to  the  approval  of  the  Administrator. 
Also,  collection  efficiency  must  be  shown  to  be  at  least 
99  percent  for  each  test  run  and  must  be  documented  in 
the  report.  If  the  efficiency  is  found  to  be  acceptable  after 
a  series  of  three  tests,  further  documentation  is  not 
required.  To  conduct  the  efficiency  test,  an  extra  at>- 
soM>er  must  be  added  and  analyzed  separately.  This 
extra  absorber  must  not  contain  more  than  1  percent  of 
the  total  SOt. 

3.1.3  Glass  Wool.  Borosilicate  or  quartz. 

2.1.4  Stopcock  Grease.  Acetone-insoluble,  beat- 
stable  silicone  grease  may  be  used,  if  necessary. 

2.1.5  TempMetme  Gauge.  Dial  thermometer,  ot 
equivalent,  to  measure  temperature  of  gas  leaving  im- 
pmgw  train  to  within  l*  C  (2®  F.) 

2.1.6  Drying  Tube.  Tube  packed  with  6- to  16-mesh 
indicating  type  silica  gel,  or  equivalent,  to  dry  the  gas 


sample  and  to  i»<otect  the  meter  and  pump.  If  the  siliac 
gel  has  been  um  previously,  dry  at  175®  C  (35(f  F)  for 
2  hours.  New  silica  gel  may  be  us^  as  received.  Alterna¬ 
tively,  other  types  of  denccants  (equivalent  or  better) 
may  be  used,  subject  to  approval  of  the  Administrator. 

2.1.7  Value.  Needle  value,  to  regulate  sample  gas  flow 
rate. 

2.1A  Pump.  Leak-free  diaphragm  pump,  or  equiv¬ 
alent,  to  pull  gas  through  the  train.  Install  a  small  tank 
between  the  pump  and  rate  meter  to  eliminate  the 
pulsation  effect  of  the  diaphragm  pump  on  the  rotameter. 

2.1.9  Rate  Meter.  Rotameter,  w  equivalent,  capable 
of  measuring  flow  rate  to  within  2  percent  of  the  selected 
flow  rate  of  about  KXK)  cc/min. 

2.1.10  Volume  Meter.  Dry  gas  meter,  sufficiently 
accurate  to  measure  the  sampk  volume  within  2  percent, 
calibrated  at  the  sriected  flow  rate  and  conditions 
actually  encountered  during  sampling,  and  equipped 
with  a  temperature  gauge  (dial  thermometer,  or  equiv¬ 
alent)  capMle  of  measuring  temperature  to  within 
S®C  (5.4»F)r 

2.1.11  Barometer.  Mercury,  ameroid,  or  other  barom¬ 
eter  capable  of  measuring  atmospheric  pressure  to  within 
2A  mm  Hg  (0.1  in.  Hg).  In  many  cases,  the  barometric 
reading  may  be  obtainM  from  a  nearby  national  weather 
service  stamn,  in  which  case  the  station  value  (which 
is  the  absolute  barometric  pressure)  shall  be  requested 
and  an  adjustment  for  elevation  differences  between 
the  weather  station  and  sampling  iioint  shall  be  applied 
at  a  rate  of  minus  2A  mm  Hg  (0.1  in.  Hg)  per  30  m  (100  ft) 
elevation  increase  or  vice  versa  for  elev^on  decrease. 

2.1.13  Vacuum  Gauge.  At  least  760  mm  Hg  (30  in. 
Hg)  gauge,  to  be  used  for  leak  check  of  the  sampling 
train. 

2.2  Sample  Recovery. 

2.2.1  Wash  bottles.  Polyethylene  or  glass,  500  ml, 
two. 

2.2.2  Storage  Bottles.  Polyethylene,  100  ml,  to  store 
impinger  samples  (one  per  sample). 

2.3  Analysis. 

2.3.1  Pipettes.  Volumetric  type,  5-ml,  20-ml  (one  per 
sample),  and  25-ml  sixes. 

2.3.2  Vohunetric  FlMks.  100-ml  size  (one  per  sample) 
and  100-ml  siie. 

2.3.3  Burettes.  5-  and  SO-ml  sizes. 

2.3.4  Erlenmeyer  Flasks.  250  ml-sise  (one  for  each 
samifle,  blank,  and  standard). 

2.3.5  Dropping  Bottle.  125-ml  size,  to  add  indicator. 

2A.6  Graduated  Cylimler.  100-ml  size. 

2.3.7  Spectrophotometer.  To  measure  absorbance  at 
352  nanometers. 


3.  ReatenU 

Unless  otherwise  indicated,  all  reagents  must  conform 
to  the  specifications  established  by  the  Committee  on 
Analytical  Reagents  of  the  American  Chemical  Society. 
Where  such  spe^cations  are  not  available,  use  the  best 
available  grade. 

3.1  Sampling. 

3.1.1  Water,  lionized,  distilled  to  conform  to  ASTM 
specification  D1103-74,  Type  3.  At  the  option  of  the 
analyst,  the  KMn04  test  for  oxidizable  organic  matter 
may  be  omitted  when  high  concentrations  of  organic 
matter  are  not  expected  to  be  present. 

3.1.2  Isopropanol,  80  percent.  Mix  80  ml  of  lS(d>ropanol 
with  20  ml  of  deionized,  distilled  water.  Check  each  lot  of 
isopropanol  for  peroxide  impurities  as  follows:  shake  10 
ml  of  isopropanol  with  10  ml  of  fleshly  prepared  10 
percent  potassium  iodide  solution.  Prepare  a  blank  by 
similarly  treating  10  ml  of  distilled  water.  After  1  minute, 
read  the  absorbance  at  352  nanometers  on  a  spectro¬ 
photometer.  If  absorbance  exceeds  0.1,  reject  alcohol  for 
use. 

Peroxides  may  be  removed  from  isopropanol  by  redis¬ 
tilling  or  by  passage  through  a  column  of  activated 
alumina;  however,  reagent  grade  isopropanol  srith 
suitably  low  peroxide  levels  may  be  obtained  from  com¬ 
mercial  sources.  Rejection  of  contaminated  lots  may, 
therefore,  be  a  more  efficient  procedure. 

3.1.3  Hydrogen  Peroxide,  3  Percent.  Dilute 80 percent 
hydrogen  peroxide  1:9  (v/v)  with  deionized,  distilled 
water  (30  ml  is  needed  per  sample).  Prepare  fresh  daily. 

3.1.4  Potassium  Iodide  Solution,  10  Percent.  Dissolve 
10.0  grams  KI  in  deionised,  distilled  water  and  dilute  to 
100  Prepare  when  needed. 

3.2  Sample  Recovery. 

8.2.1  Water.  DeionizM,  distilled,  as  in  8.1.1. 

8.2.2  Isopropanol,  80  Percent.  Mix  80  ml  of  isopropanol 
with  20  ml  of  deionized,  distilled  water. 

3.3  Analysis. 

3.3.1  Water.  Deionised,  distilled,  as  in  3.1.1. 

3.3.2  Isopropanol,  100  percent. 

3.3.3  Thorin  Indicator.  l-(o-aisonophenylazo)-2- 
naphthol-3,6-disulfonic  acid,  disodium  salt,  or  equiva¬ 
lent.  Dissolve  0.20  g  in  100  ml  of  deionized,  distilled 
arater. 

3.3.4  Barium  Perchlorate  Solution,  0.0100  N.  Dis* 
solve  1.96  g  of  barium  perchlorate  trihydrate  (Ba(ClO«)t- 
3HiO]  in  Sx)  ml  distilled  water  and  dilute  to  1  liter  arith 
sopropanol.  Alternatively,  1.22  g  of  [BaCli’2Ht01  may 
be  usra  instead  of  the  perchlorate.  Standardize  as  in 
Section  5.5. 
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3.3.5  Sulfuric  Acid  Standard,  0.0100  N.  Piut;hase  or 
standardize  to  ^0.0002  N  against  0.0100  N  NaOH  which 
has  previously  been  standardized  a^nst  potassium 
acid  phthalate  (primary  standard  grade). 

4.  Procedure. 

4.1  Sampling. 

4.1.1  Preparation  of  collection  train.  Measure  15  ml  of 
80  percent  isopropanol  into  the  mi^et  bubbler  and  15 
ml  of  3  percent  hydrogen  peroxide  into  each  of  the  first 
two  mic^et  impingers.  Leave  the  final  midget  impinger 
dry.  Assemble  the  train  as  shown  in  Figure  6-1.  Adjust 
probe  heater  to  a  temperature  sufficient  to  prevent  water 
condensation.  Place  crushed  ice  and  water  around  the 
impingers. 

4.1.2  Leak -check  procedure.  A  leak  check  prior  to  the 
sampling  run  is  optional;  however,  a  leak  check  after  the 
sampling  run  is  mandatory.  The  leak-check  procedure  is 
as  follows: 

With  the  probe  disconnected,  place  a  vacuum  gauge  at 
the  inlet  to  the  bubbler  and  pull  a  vacuum  of  250  mm 
(10  in.)  Hg;  plug  or  pinch  ofi  the  outlet  of  the  fiow  meter, 
and  then  turn  off  the  pump.  The  vacuum  shall  remain 
stable  for  at  least  30  seconds.  Carefully  release  the 
vacuum  gauge  before  releasing  the  flow  meter  end  to 
prevent  back  flow  of  the  impinger  fluid. 

Other  leak-check  procedures  may  be  used,  subject  to 
the  approval  of  the  Administrator,  U.S.  Environmental 
Protection  Agency.  The  procedure  used  in  Method  5  is 
not  suitable  for  diaphragm  pumps. 

4.1.3  Sample  collection.  Record  the  initial  dry  gas 
meter  reading  and  barometric  pressure.  To  begin  sam¬ 
pling,  position  the  tip  of  the  probe  at  the  sampling  point, 
connect  the  probe  to  the  bubbler,  and  start  the  pump. 
Adjust  the  sample  flow  to  a  constant  rate  of  ap¬ 
proximately  1.0  liter.'min  as  indicated  by  the  rotameter. 
Maintain  this  constant  rate  (*10  percent)  during  the 
entire  sampling  nm.  Take  readings  (dry  gas  meter, 
temperatures  at  dry  gas  meter  and  at  impinger  outlet 
and  rate  meter)  at  least  every  5  minutes.  Add  more  ice 
during  the  run  to  keep  the  temperature  of  the  gases 
leaving  the  last  impinger  at  20“  C  (68“  F)  or  less.  At  the 
conclusion  of  each  run,  turn  off  the  pump,  remove  probe 
from  the  stack,  and  record  the  final  readings.  Conduct  a 
leak  check  as  in  Section  4.1.2.  (This  leak  check  is  manda¬ 
tory.)  If  a  leak  is  found,  void  the  test  run.  Drain  the  ice 
bath,  and  purge  the  remaining  part  of  the  train  by  draw¬ 
ing  clean  ambient  air  through  the  system  for  15  minutes 
at  the  sampling  rate. 

Clean  ambient  air  can  be  provided  by  passing  Mr 
through  a  charcoal  filter  or  through  an  extra  midget 
impinger  with  15  ml  of  3  percent  HiOj.  The  tester  may 
opt  to  simply  use  ambient  air,  without  purification. 

4.2  Sample  Recovery.  Disconnect  the  impingers  after 
purging.  Discard  the  contents  of  the  midget  bubbler.  Pour 
the  contents  of  the  midget  impingers  into  a  leak-free 
polyethylene  bottle  for  shipment.  Rinse  the  three  midget 
impingers  and  the  connecting  tubes  with  deionizM, 
distilled  water,  and  add  the  washings  to  the  same  storage 
container.  Mark  the  fluid  level.  S«tl  and  identify  the 
sample  container. 

4.3  Sample  Analysis.  Note  level  of  liquid  in  container, 
and  confirm  whether  any  sample  was  lost  during  ship¬ 
ment;  note  this  on  analytical  data  sheet.  If  a  nouMable 
amount  of  leakage  has  occurred,  either  void  the  sample 
or  use  methods,  subject  to  the  approval  of  the  Adminis¬ 
trator,  to  correct  the  final  results. 

Transfer  the  contents  of  the  storage  container  to  a 
KXVml  volumetric  flask  and  dilute  to  exactly  1(X)  ml 
with  deionized,  distilled  water.  Pipette  a  20-ml  Miquot  of 
this  solution  into  a  250-ml  Erlenmeyer  flask,  add  80  ml 
of  100  percent  isopropanol  and  two  to  four  drops  of  thorin 
indicator,  and  titrate  to  a  pink  endpoint  using  0.0100  N 
barium  perchlorate.  Repeat  and  average  the  titration 
volumes.  Run  a  blank  writh  each  series  of  samples.  Repli¬ 
cate  titrations  must  agree  within  1  percent  or  0.2  ml, 
whichever  is  larger. 

(Note.— Protect  the  0.0100  N  barium  perchlorate 
solution  from  evaporation  at  all  times.) 

5.  CalibriUion 

5.1  Metering  Sy^m. 

5.1.1  Initial  Calibration.  Before  its  initial  use  in  the 
field,  first  leak  check  the  metering  system  (drying  tube, 
needle  valve,  pump,  rotameter,  and  dry  gas  meter)  as 


foUoars;  place  a  vacuum  gauge  at  the  inlet  to  the  drying 
tube  and  pull  a  vacuum  of  250  mm  (10  in.)  Hg;  plug  or 
pinch  off  the  outlet  or  the  flow  meter,  and  then  ttrni  off 
the  pump.  The  vacuiun  shall  remain  stable  (or  at  least 
30  seconds.  Carefully  release  the  vacuum  gauge  before 
releasing  the  flow  meter  end. 

Next,  calibrate  the  metering  system  (at  the  sampling 
flow  rate  specified  by  the  method)  as  follows;  connect 
an  appropriately  sized  wet  test  meter  (e.g.,  1  liter  per 
revolution)  to  the  inlet  of  the  drying  tube.  Make  three 
independent  calibration  runs,  using  at  least  five  revolu¬ 
tions  of  the  dry  gas  meter  per  run.  CMculate  the  calibra¬ 
tion  factor,  Y  (wet  test  meter  calibration  volume  divided 
by  the  dry  gas  meter  volume,  Iwth  volumes  adjusted  to 
the  same  reference  temperature  and  pressure),  (or  each 
run,  and  average  the  results.  If  any  r  value  deviates  by 
more  than  2  percent  from  the  average,  the  metering 
system  is  unacceptable  for  use.  Otherwise,  use  the  aver¬ 
age  as  the  calibration  factor  for  subsequent  test  runs. 

5.1.2  Post-Test  Calibration  Check.  After  each  field 
test  series,  conduct  a  (Vibration  check  as  in  Section  5.1.1 
above,  except  for  the  following  variations;  (a)  the  leak 
check  is  not  to  be  conducted,  (b)  three,  or  more  revolu¬ 
tions  of  the  dry  gas  meter  may  be  used,  and  (c)  only  two 
independent  runs  need  be  made.  If  the  calibration  factor 
does  not  deviate  by  more  than  5  percent  from  the  initial 
calibration  factor  (determined  in  Section  5.1.1),  then  the 
dry  gas  meter  volumes  obtained  during  the  test  series 
are  acceptable.  If  the  calibration  factor  deviates  by  more 
than  5  percent,  recalibrate  the  metering  system  as  in 
Section  5.1.1,  and  (or  the  cMculations,  use  the  calibration 
factor  (initial  or  recalibration)  that  ;rields  the  lower  gas 
volume  for  each  test  run. 

5.2  Thermometers.  Calibrate  against  mercury-in¬ 
glass  thermometers. 

5.3  Rotameter.  The  rotameter  need  not  be  calibrated 
but  should  be  cleaned  and  maintained  according  to  the 
manufacturer’s  instruction. 

5.4  Barometer.  Calibrate  against  a  mercury  barom¬ 
eter. 

5.5  Barium  Perchlorate  Solution.  Standardize  the 
barium  perchlorate  solution  against  25  ml  of  standard 
sulfuric  acid  to  which  KM  ml  of  KM  percent  isopropanol 
has  been  added. 

6.  Calculatioru 


Carry  out  calculations,  retaining  at  least  one  extra 
decimsd  figure  beyond  that  of  the  acquired  data.  Round 
off  figures  after  final  calculation. 

6.1  Nomenclature. 


Cm  —Concentration  of  sulfur  dioxide,  dry  basis 

t  corrected  to  standard  conditions,  mg/dscm 
(Ib/dscf). 

N-Normality  of  barium  perchlorate  titrant, 
mlUiequi  valents/ml . 

Pbsr— Barometric  pressure  at  the  exit  orifice  of  the 
dry  gas  meter,  mm  Hg  (in.  Hg). 

Pitd- Standard  absolute  pressure,  760  mm  Hg 
(29.92  in.  Hg). 

Tm— Average  dry  gas  meter  absolute  temperature, 
“K  (^). 

T.td- Standard  absolute  temperature,  293°  K 
(528°  R). 

V.— Volume  of  sample  aliquot  titrated,  ml. 

V.— Dry  gas  volume  as  measured  by  the  dry  gas 
meter,  dcm  (dcf). 

V»(,td)“Dry  gas  volume  measured  by  the  dry  gas 
meter,  corrected  to  standard  conditions, 
dscm  (dacf). 

VmIb— TotM  volume  of  solution  in  which  the  sulfur 
dioxide  sample  is  contained,  100  ml. 

Vi— Volume  of  barium  perchlorate  titrant  used 
for  the  sample,  ml  (average  of  replicate 
titrations). 

Vti -Volume  of  barium  perchlorate  titrant  used 
(or  the  blank,  ml. 

y-Dry  gas  meter  calibration  factor. 

32.03- Equivalent  weight  of  sulfur  dioxide. 

6.2  Dry  sample  gas  volume,  corrected  to  standard 

conditions.  _  _ _ 

-  -  .V.Pb., 


T- 


Equatlon  6-i 


where; 


FCt— 0.3858  °K/mm  Hg  for  metric  units. 

—17.64  “R/ln.  Hg  (or  English  units. 
6.3  Sulfur  dioxide  concentration. 


'80,— /t*  - 57 - - 


where: 


Equation  6-2 


Ji(i-32.03  mg/meq.  for  metric  units. 

— 7.061X10-*  Ib/meq.  for  English  units. 
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Method  7— Detkriiination  or  Nrbooen  Oxide 
Emissions  From  Stationary  Sources 


1.  Principle  and  AppHeabUUy 

1.1  Principle.  A  grab  sample  is  collected  in  an  evacu¬ 
ated  flask  containing  a  dilute  suUuric  acid-hydrogen 
peroxide  absorbing  Mution,  and  the  nitrogen  oxides, 
except  nitrous  onde,  are  measured  colorimetericaUy 
using  the  phenoldisulfonic  acid  (PDS)  procedure. 

1.2  Applicability.  This  method  is  applicable  to  the 
measurement  of  nitrogen  oxides  emitted  from  stationary 
sources.  The  range  of  the  method  has  been  determined 
to  be  2  to  400  milligrams  NO.  (as  NO,)  per  dry  standard 
cubic  meter,  without  having  to  dilute  the  sample. 

2.  Apparatu* 

2.1  Sampling  (see  Figure  7-1).  Other  grab  sampling 
systems  or  equipment,  capable  of  measuring  sample 
volume  to  within  ±2.0  percent  and  collecting  a  sufficient 
sample  volume  to  allow  analytical  reproducibility  to 
within  ±5  percent,  will  be  considered  acceptable  alter¬ 
natives,  subject  to  approval  of  the  Administrator,  U.S. 
Environmental  Protection  Agency.  The  following 
equipment  is  used  in  sampling: 

2.1.1  Probe.  Borosilicate  glass  tubing,  sufficiently 
heated  to  prevent  water  condensation  and  equipped 
with  an  in-stack  or  out-stack  filter  to  remove  particulate 
matter  (a  plug  of  glass  wool  is  satisfactory  for  this 
purpose).  Stainless  steel  or  Teflon  *  tubing  may  also  be 
used  for  the  probe.  Heating  is  not  necessary  if  the  probe 
remains  dry  during  the  purging  period. 


*  Mention  of  trade  names  or  specific  products  does  not 
constitute  endorsement  by  the  Environmental  Pro¬ 
tection  Agency. 
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Figure  7-1.  Sampling  train,  flask  valve,  and  flask. 


2.1.2  Collection  Flask.  Two-liter  borosilicate,  round 
bottom  flask,  with  short  neck  and  24/40  standard  taper 
opening,  protected  against  implosion  or  breakage. 

2.1.3  Flask  Valve.  T-bore  stopcock  connected  to  a 
24/40  standard  taper  joint. 

2.1.4  Temperature  Gauge.  Dial-type  thermometer,  or 
other  temperature  gauge,  capable  of  measuring  1°  C. 

F)  intervals  from  —5  to  50*^C  (25  to  125“  F). 

2.1.5  Vacuum  Line.  Tubing  capable  of  withstanding 
a  vacuum  of  75  mm  Hg  (3  in.  Hg)  absolute  pressure,  with 
“T”  connection  and  T-bore  stopcock. 

2.1.6  Vacuum  Gauge.  U-tube  manometer,  1  meter 
(36  in.),  with  1-mm  (0.1-in.)  divisions,  or  other  gauge 
capable  of  measuring  pressure  to  within  ±2.5  mm  Hg 
(0.10  in.  Hg). 

2.1.7  Pump.  Capable  of  evacuating  the  collection 
flask  to  a  pressure  equal  to  or  less  than  75  mm  Hg  (3  in. 
Hg)  absolute. 

2.1.8  Squeeze  Bulb.  One-way. 

2.1.9  Volumetric  Pipette.  25  ml. 

2.1.10  Stopcock  and  Ground  Joint  Grease.  A  high- 
vacuum,  high-temperature  chlorofluorocarbon  grease  is 
required.  Halocarbon  25-5S  has  been  found  to  be  effective. 

2.1.11  Barometer.  Mercury,  aneroid,  or  other  hvom- 
eter  capable  of  measuring  atmospheric  pressure  to  within 

2.5  mm  Hg  (0.1  in.  Hg).  In  many  cases,  the  barometric 
reading  may  be  obtained  from  a  nearby  national  weather 
service  station,  in  which  case  the  station  value  (which  is 
the  absolute  barometric  pressure)  shall  be  requested  and 
an  adjustment  for  elevation  differences  between  the 
weather  station  and  sampling  point  shall  be  applied  at  a 
rate  of  minus  2.5  mm  Hg  (0.1  in.  Hg)  per  30  m  (100  ft) 
elevation  increase,  or  vice  versa  for  elevation  decrease. 

2.2  Sample  Recovery.  The  following  equipment  is 
required  for  sample  recovery: 

2.2.1  Graduated  Cylinder.  50  ml  with  1-ml  divisions. 

2.2.2  Storage  Containers.  Leak-free  polyethylene 
bottles. 

2.2.3  Wash  Bottle.  Polyethylene  or  glass. 

2.2.4  Glass  Stirring  Rod. 

2.2.5  Test  Paper  for  Indicating  pH.  To  cover  the  pH 
range  of  7  to  14. 

2J  Analysis.  For  the  analysis,  the  following  equip¬ 
ment  is  needed: 

'2.3,1  Volumetric  Pipettes.  Two  1  ml,  two  2  ml,  one 
3  ml,  one  4  ml,  two  10  ml,  and  one  25.  ml  for  each  sample 
and  standard. 


2.3.2  Porcelain  Evaporating  Dishes.  175-  to  250-ml 
capacity  with  lip  for  pouring,  one  for  each  sample  and 
each  standard.  The  Coors  No.  45006  (shallow-form,  195 
ml)  has  been  found  to  be  satisfactory.  Alternatively, 
polymethyl  pentene  beakers  (Nalge  No.  1203. 150  ml).  or 
gla»  beakers  (1,50  ml)  may  be  used.  When  glass  beakers 
are  used,  etching  of  the  beakers  may  cause  solid  matter 
to  be  present  in  the  analytical  sten.  the  solids  should  be 
removed  by  flltration  (see  Section  4.3). 

2.3.3  Steam  Bath.  Low-temperature  ovens  or  thermo¬ 
statically  controlled  hot  plates  kept  below  70°  C  (160°  F) 
are  acceptable  alternatives. 

2.3.4  Dropping  Pipette  or  Dropper.  Three  required. 

2.3.5  Polyethylene  Policeman.  One  (or  each  sample 
and  each  standard. 

2.3.6  Graduated  Cylinder.  100  ml  with  1-ml  divisions. 

2.3.7  Volumetric  Flasks.  50  ml  (one  (or  each  sample), 
100  ml  (one  for  each  sample  and  each  standard,  and  one 
(or  the  working  standard  KNOi  solution),  and  1000  ml 
(one). 

2.3.8  Spectrophotometer.  To  measure  absorbance  at 
410  nm. 

2.3.9  Graduated  Pipette.  10  ml  with  O.l-ml  divisions. 

2.8.10  Test  Paper  for  Indicating  pll.  To  covw  the 
pH  range  of  7  to  14. 

2.3.11  Analytical  Balance.  To  measure  to  within  0.1 
mg. 

3.  ReagenU 

Unless  otherwise  indicated,  it  is  intended  that  all 
reagents  conform  to  the  specifications  established  by  the 
Committee  on  Analytical  Reagents  of  the  American 
Chemical  Society,  where  such  specifications  are  avail¬ 
able;  otherwise,  use  the  best  available  grade. 

3.1  Sampling.  To  prepare  the  abwbing  solution, 
cautiously  add  2.8  ml  concentrated  HiSOi  to  1  liter  of 
deionized,  distilled  water.  Mix  well  and  add  6  ml  of  3 
percent  hydrogen  peroxide,  freshly  prepared  from  30 
percent  hydrogen  peroxide  solution.  The  absorbing 
solution  should  be  used  within  1  week  of  its  preparation. 
Do  not  expose  to  extreme  heat  or  direct  sunlight. 

3.2  Sample  Recovery.  Two  reagents  are  required  for 
sample  recovery: 

3.2.1  Sodium  Hydroxide  (IN).  Dissolve  40  g  NaOH 
in  deionized,  distilled  water  and  dilute  to  1  liter. 

3.2.2  Water.  Deionize^  distilled  to  conform  to  ASTM 
specification  D1193-74,  Type  3.  At  the  option  of  the 


analyst,  the  KMNOi  test  for  oxidizable  organic  matter 
may  be  omitted  when  high  concentrations  of  organic 
matter  are  not  expected  to  m  present. 

3.3  Analysis.  For  the  analysis,  the  following  reagents 
are  required: 

3.3.1  Fuming  Sulfuric  Acid.  15  to  18  percent  by  weight 
free  suUur  trioxide.  HANDLE  WITH  CAUTION. 

3.3.2  Phenol.  White  solid. 

3.3.3  Sulfuric  Acid.  Concentrated,  95  percent  mini¬ 
mum  assay.  HANDLE  WITH  CAUTION. 

3.3.4  Potassium  Nitrate.  Dried  at  105  to  110“  C  (220 
to  230°  F)  (or  a  minimum  of  2  hours  Just  piior  to  prepara¬ 
tion  of  standard  solution. 

3.3.5  Standard  KNOi  Solution.  Dissolve  exactly 
2.198  g  of  dried  potassium  nitrate  (KNOi)  in  deionized, 
distilled  water  and  dilute  to  1  liter  with  deionized, 
distilled  water  in  a  1,000-ml  vohunetric  flask. 

3.3.6  Working  Standard  KNOi  Solution.  Dilute  10 
ml  of  the  standard  solution  to  100  ml  with  deionized 
distilled  water.  One  milliliter  of  the  working  standard 
solution  is  equivalent  to  100  ag  nitrogen  dioxide  (NOi). 

3.3.7  Water.  Deionized,  distilled  as  in  Section  3.2.2. 

3.3.8  Phenoldisulfonic  Acid  Solution.  Dissolve  25  g 
of  pure  white  phenol  in  150  ml  concentrated  sulfuric 
acid  on  a  steam  bath.  Cool,  add  75  ml  fuming  sulfuric 
acid,  and  heat  at  100“  C  (212°  F)  for  2  hours.  Store  in 
a  dark,  stoppered  bottle. 

4.  ProeedureM 

4.1  Sampling. 

4.1.1  Pipette  25  ml  of  absorbing  solution  into  a  sample 
fla^,  retaining  a  sufficient  quantity  for  use  in  preparing 
the  calibration  standards.  Insert  the  flask  valve  stopper 
into  the  flask  with  the  valve  in  the  “purge”  position. 
Assemble  the  sampling  train  as  shown  in  Figiue  7-1 
and  place  the  probe  at  the  sampling  point.  Make  sure 
that  all  fittings  are  tight  and  leak-free,  and  that  all 
ground  glass  Joints  have  been  properly  greased  with  a 
high-vacuum,  high-ternperature  chlorofluorocarbon- 
based  stopcock  grease.  Turn  the  flask  valve  and  the 
pump  valve  to  their  “evacuate”  positions.  Evacuate 
the  flask  to  75  mm  Hg  (3  in.  Hg)  absolute  pressure,  or 
less.  Evacuation  to  a  pressure  approaching  the  ▼•l^r 
pressure  of  water  at  the  existing  temperature  is  derirable. 
Thim  the  pump  valve  to  its  “vent’’  position  and  turn 
off  the  pump.  Check  for  leakage  by  observing  the  ma¬ 
nometer  for  any  pressure  fluctuation.  (Any  variation 
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greater  than  10  mm  Hg  (0.4  in.  Hg)  over  a  period  of 
1  minute  is  not  acceptable,  and  the  flask  is  not  to  be 
used  until  the  leakage  problem  is  corrected.  Pressure 
in  the  flask  is  not  to  exce^  75  mm  Hg  (3  in .  Hg )  absolute 
at  the  time  sampling  is  commenced.)  Record  the  volume 
of  the  flask  and  valve  {Vi),  the  flask  temperature  (T>)> 
and  the  barometric  pressure.  Turn  the  flask  valve 
counterclockwise  to  its  “purge”  position  and  do  the 
same  with  the  pump  valve.  Purge  the  probe  and  the 
vacuum  tube  using  the  squeeze  bulb.  If  condensation 
occurs  in  the  probe  and  the  flask  valve  area,  heat  the 

Srobe  and  purge  imtil  the  condensation  disappears. 

Text,  turn  the  pump  valve  to  its  “vent”  position.  Turn 
the  flask  valve  clocl^ise  to  its  “evacuate”  position  and 
record  the  difference  in  the  mercury  levels  in  the  manom¬ 
eter.  The  absolute  internal  pressure  in  the  flask  (Pi) 
is  equal  to  the  barometric  pressure  less  the  manometer 
reading.  Immediately  turn  the  flask  valve  to  the  “sam¬ 
ple”  position  and  permit  the  gas  to  enter  the  flask  until 
pressures  in  the  flask  and  sample  line  (i.e.,  duct,  stack) 
are  equal.  This  will  usually  i^uire  about  15  seconds; 
a  longer  period  indicates  a  “plug”  in  the  probe,  which 
must  be  corrected  before  sampling  is  continued.  After 
collecting  the  sample,  turn  the  flask  valve  to  its  “purge” 
position  and  disconnect  the  flask  from  the  sampling 
train.  Shake  the  flask  for  at  least  5  minutes. 

4.1.2  If  the  gas  being  sampled  contains  insufficient 
oxygen  for  the  conversion  of  NO  to  NO:  (e.g.,  an  ap¬ 
plicable  subpart  of  the  standard  may  require  taking  a 
sample  of  a  calibration  gas  mixture  of  NO  in  Ni),  then 
oxygen  shall  be  introduced  into  the  flask  to  permit  this 
conversion.  Oxygen  may  be  introduced  into  the  flask 
by  one  of  three  methods;  (1)  Before  evacuating  the 
sampling  flask,  flush  with  pure  cylinder  oxygen,  then 
evacuate  flask  to  75  mm  Hg  (3  in.  Hg)  absolute  pressure 
or  less;  or  (2)  inject  oxygen  into  the  flask  after  sampling; 
or  (3)  terminate  sampling  with  a  minimum  of  50  mm 
Hg  (2  in.  Hg)  vacuum  remaining  in  the  flask,  record 
this  final  pressure,  and  then  vent  the  flask  to  the  at¬ 
mosphere  imtil  the  flask  pressure  is  almost  equal  to 
atmospheric  pressure. 

4.2  Sample  Recovery.  Let  the  flask  set  for  a  minimum 
of  16  hours  and  then  shake  the  contents  for  2  minutes. 
Connect  the  flask  to  a  mercury  filled  U-tube  manometer. 
Open  the  valve  from  the  flask  to  the  manometer  and 
record  the  flask  temperature  (Ti),  the  barometric 
pressure,  and  the  difference  betweenj,he  mercury  levels 
n  the  manometer.  The  absolute  internal  pressure  in 
the  flask  (P/)  is  the  barometric  pressure  less  the  man¬ 
ometer  reading.  Transfer  the  contents  of  the  flask  to  a 
leak-free  polyethylene  bottle.  Rinse  the  flask  twice 
with  5-ml  portions  of  deionized,  distilled  water  and  add 
the  rinse  water  to  the  bottle.  Adjust  the  pH  to  between 
9  and  12  by  adding  sodium  hydroxide  (1  N),  dropwise 
(about  25  to  35  drops).  Check  the  pH  by  dipping  a 
stirring  rod  into  the  solution  and  then  touching  the  rod 
to  the  pH  test  paper.  Remove  as  little  material  as  possible 
during  this  step.  Mark  the  height  of  the  liquid  level  so 
that  the  container  can  be  checked  for  leakage  after 
transport.  Label  the  container  to  clearly  identify  its 
contents.  Seal  the  container  for  shipping. 

4.3  Analysis.  Note  the  level  of  the  liquid  in  container 
and  confirm  whether  or  not  any  sample  was  lost  during 
shipment;  note  this  on  the  analytical  data  sheet.  If  a 
noticeable  amount  of  leakage  has  occurred,  either  void 
the  sample  or  use  methods,  subject  to  the  approval  of 
the  Administrator,  to  correct  the  final  results.  Immedi¬ 
ately  prior  to  analysis,  transfer  the  contents  of  the 
shipping  container  to  a  50-ml  volumetric  flask,  and 
rinse  the  container  twice  with  5-ml  portions  of  deionized, 
distilled  water.  Add  the  rinse  water  to  the  flask  and 
dilute  to  the  mark  with  deionized,  distilled  water;  mix 
thoroughly.  Pipette  a  25-ml  aliquot  into  the  procelain 
evaporating  dish.  Return  any  unused  portion  of  the 
sample  to  the  polyethylene  storage  bottle.  Evaporate 
the  25-ml  aliquot  to  dryness  on  a  steam  bath  and  allow 
to  cool.  Add  2  ml  phenoldisulfonic  acid  solution  to  the 
dried  residue  and  triturate  thoroughly  with  a  poylethyl- 
ene  ixiliceman.  Make  sure  the  solution  contacts  all  the 
residue.  Add  1  ml  deionized,  distilled  water  and  four 
drops  of  concentrated  sulfuric  acid.  Heat  the  solution 
on  a  steam  bath  for  3  minutes  with  occasional  stirring. 
Allow  the  solution  to  cool,  add  20  ml  deionized,  distilled 
water,  mix  well  by  stirring,  and  add  concentrated  am¬ 
monium  hydroxide,  dropwise,  with  constant  stirring, 
until  the  pH  is  10  (as  determined  by  pH  paper).  If  the 
sample  contains  solids,  these  must  be  removed  by 
filtration  (centrifugation  is  an  acceptable  alternative, 
subject  to  the  approval  of  the  Administrator),  as  follows; 
filter  through  Whatman  No.  41  filter  paper  into  a  100-ml 
volumetric  flask;  rinse  the  evaporating  dish  with  three 
5-ml  portions  of  deionized,  distilled  water;  filter  these 
three  rinses.  Wash  the  filter  with  at  least  three  1.5-ml 
portions  of  deionized,  distilled  water.  Add  the  filter 
washings  to  the  contents  of  the  volumetric  flask  and 
dilute  to  the  mark  with  deionized,  distilled  water.  If 
solids  are  absent,  the  solution  can  be  transferred  directly 
to  the  100-ml  volumetric  flask  and  diluted  to  the  mark 
with  deionized,  distilled  water.  Mix  the  contents  of  the 
flask  thoroughly,  and  measure  the  absorbance  at  the 
optimum  wavelength  used  lor  the  standards  (Section 
5.2.1),  using  the  blank  solution  as  a  zero  reference.  Dilute 
the  sample  and  the  blank  with  equal  volumes  of  deion¬ 
ized,  distilled  water  if  the  absorbance  exceeds  A^,  the 
absorbance  of  the  400  *(g  NO:  standard  (see  Section  5.2.2) . 

5.  Calibration 

6.1  Flask  Volume.  The  volume  of  the  collection  flask- 
flask  valve  combination  must  be  known  prior  to  sam¬ 
pling.  Assemble  the  flask  and  flask  valve  and  fill  with 
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water,  to  the  stopcock.  Measure  the  volume  of  water  to 
±10  ml.  Record  this  volume  on  the  flask. 

6.2  Spectrophotometer  Calibration. 

6.2.1  Optimum  Wavelength  Determination.  For  both 
fixed  and  variable  wavelength  spectrophotometers, 
calibrate  against  standard  certified  wavelength  of  410 
nm,  every  6  months.  Alternatively,  lor  variable  wave 
length  spectrophotometers,  scan  the  spectrum  l^tween 
400  and  416  nm  using  a  200  ;ig  N  O:  standard  solution  (see 
Section  6.2.2).  If  a  peak  does  not  occur,  the  spectropho¬ 
tometer  is  probably  malfunctioning,  and  should  be  re¬ 
paired.  When  a  peak  is  obtained  within  the  400  to  416  nm 
range,  the  wavelength  at  which  this  peak  occurs  shall  be 
the  optimum  wavelength  for  the  measurement  of  ab¬ 
sorbance  for  both  the  standards  and  samples. 

6.2.2  Determination  of  Spectrophotometer  Calibra¬ 
tion  Factor  K,.  Add  0.0,  1.0,  2.0,  3.0.  and  4.0  ml  of  the 
KNOi  working  standard  solution  (1  ml=100  /<g  NO:)  to 
a  series  of  five  porcelain  evaporating  dishes.  To  each,  add 
26  ml  of  absorbing  solution,  10  ml  deionized,  distilled 
water,  and  sodium  hydroxide  (W),  dropwise,  until  the 
pH  is  between  9  and  12  (about  25  to  35  drops  each). 
Beginning  with  the  evaporation  step,  follow  the  analy¬ 
sis  procedure  of  Section  4.3,  until  the  solution  has  been 
transferred  to  the  100  ml  volumetric  flask  and  diluted  to 
the  mark.  Measure  the  absorbance  of  each  solution,  at  the 
optimum  wavelength,  as  determined  in  Section  6.2.1. 
This  calibration  procedure  must  be  repeated  on  each  day 
that  samples  are  ai  lyzed.  Calculate  the  spectrophotom¬ 
eter  calibration  factor  as  follows: 


K*=100 


Ai-\-2At-j-3A3-\-AAi 

Ai*+  Af  +  Ai‘  +  Ai^ 


Equation  7-1 

Jife^Calibration  factor 
.4:= Absorbance  of  the  100-/:g  NO:  standard 
j4:=Absorbance  of  the  200-Mg  NO:  standard 
.4:= Absorbance  of  the  300-:ig  NO:  standard 
X4=Absorbance  of  the  400-i<g  NO:  standard 

5.3  Barometer.  Calibrate  against  a  mercury  barom¬ 
eter. 

5.4  Temperature  Gauge.  Calibrate  dial  thermometers 
against  mercury-in-glass  thermometers. 

5.5  Vacuum  Gauge.  Calibrate  mechanical  gauges,  if 
used,  against  a  mercury  manometer  such  as  that  spwi- 
fied  in  2.1.6. 

5.6  Ana'ytical  Balance.  Calibrate  against  standard 
weights. 

6.  Calcxdation* 


Carry  out  the  calculations,  retaining  at  least  one  extra 
decimal  figure  beyond  that  of  the  acquired  data.  Round 
off  figures  after  final  calculations. 

6.1  Nomenclature. 

A= Ab.sorbance  of  sample. 

C=Concentrafion  of  NO.  as  NO:,  dry  basis,  cor¬ 
rected  to  standard  conditions,  mg/dsem 
(IbMscf) . 

F= Dilution  factor  (ie.,  25/6,  25/10,  etc.,  required 
only  if  sample  dilution  was  newled  to  reduce 
the  absorbance  into  the  range  of  calibration). 

J(r,= Spectrophotometer  calibration  factor. 

m=Hass  of  NO,  as  NO:  in  gas  sample,  iig. 

Pf=  Final  absolute  pressure  of  flask,  mm  Hg  (in.  Hg) . 

P,  =  Initial  absolute  pressure  of  flask,  mm  Hg  (in. 
Hg). 

P,td=Standard  absolute  pressure,  760  mm  Hg  (20.92 in. 
He). 

T’/=Final  absolute  temperature  of  flask  .“’K  (“R). 

7'i  =  lniflal  alisolute  temperature  of  flask.  °K  {°R). 

r«td  =  Standard  absolute  tempierature,  203®  K  (628°  R) 
Sample  volume  at  standard  conditions  (dry 
basLs),  ml. 

V'/=Volume  of  flask  and  valve,  ml. 

V,=A’olume  of  absorbing  solution,  26  ml. 

.2  =60/25,  the  aliquot  factor.  (If  other  than  a  25-ml 
aliquot  was  used  for  analysis,  the  correspond¬ 
ing  factor  must  be  substituted). 

6.2  Sample  volume,  dry  basis,  corrected  to  standard 
conditions. 


=  A',(Er-2r)ml) 


ITf  T.J 


where: 

A',  =  0.3858 


°K 

mm  Hg 


Equation  7-2 
for  metric  units 


=  17.04  —  for  English  units 
in.  Hg 

6.3  Total  iig  NO:  per  sample. 

m=2K,AF 


Equation  7-3 

Note. — If  other  than  a  25-ml  aliquot  is  used  for  analy¬ 
sis,  the  factor  2  must  be  replaced  by  a  corresponding 
factor. 


6.4  Sample  concentration,  dry  basis,  corrected  to 
standard  conditions. 


where: 


C=A, 


V,c 


Equation  7-4 


Aj=  10*  for  metric  units 

Mg/ml 


= 6.243 X  10-»  for  English  units 
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METHon  8— Determi.  ation  or  Sulfuric  Aon  Mist 
AND  Sulfur  Dioxide  Emissions  From  Stationary 
Sources 

1.  Principle  and  Applicabaity 

1.1  Principle.  A  gas  sample  is  extracted  isokinetically 
from  the  stack.  The  sulfuric  acid  mist  (including  sulfur 
trioxide)  and  the  sulfur  dioxide  are  separated,  and  both 
fractions  are  measured  separately  by  the  barium-thorin 
titration  method. 

1.2  Applicability.  This  method  is  applicable  for  the 
determination  of  sulfuric  acid  mist  (including  sulfur 
trioxide,  and  in  the  absence  of  other  peirticulate  matter) 
and  sulfur  dioxide  emissions  from  stationary  sources. 
Collaborative  tests  have  shown  that  the  minimum 
detectable  limits  of  the  method  are  0.05  milligrams/cubic 
meter  (0.03>'.10'^  pounds/cubic  foot)  for  sulfur  tiloxide 
and  1.2  mfo'm>  (0.74  10"^  Ib/ft*)  for  sulfur  dioxide.  No 
upper  limits  have  been  e.stablished.  Based  on  theoretical 
calculations  for  200  milliliters  of  3  percent  hydrogen 
peroxide  solution,  the  upper  concentration  limit  for 
sulfur  dioxide  in  a  1.0  m>  (35.3  ft>)  gas  sample  is  about 
12,500  mg/ra>  (7.7X10'^  lb/ft>).  The  upper  limit  can  be 
extended  by  increasing  the  quantity  of  peroxide  solution 
in  the  impingers. 

Possible  interfering  agents  of  this  method  are  fluorides, 
free  ammonia,  and  dimethyl  aniline.  If  any  of  these 
interfering  agents  are  present  (this  can  be  determined  by 
knowledge  of  the  process),  alternative  methods,  subject 
to  the  approval  of  the  Administrator,  are  required. 

Filterable  particulate  matter  may  be  determined  along 
with  SO:  and  SO:  (subject  to  the  approval  of  the  Ad¬ 
ministrator);  however,  the  procedure  u^  lor  pMuTiculate 
matter  must  be  consistent  with  the  specifications  and 
procedures  given  in  Method  5. 

2.  Apparatu* 

2.1  Sampling.  A  schematic  of  the  sampling  train 
used  in  this  method  is  shown  in  Figure  8-1;  it  is  similar 
to  the  Method  5  train  except  that  the  filter  position  is 
different  and  the  filter  holder  does  not  have  to  W  heated. 
Commercial  models  of  this  train  are  available.  For  those 
who  desire  to  build  their  own.  however,  complete  con¬ 
struction  details  are  described  in  APTD-0581.  Changes 
from  the  ArTD-0581  document  and  allowable  modi¬ 
fications  to  Figure  8-1  are  discussed  in  the  following 
subsections. 

The  operating  and  maintenance  procedures  for  the 
sampling  train  are  described  in  APTD-0576.  Since  correct 
usage  is  important  in  obtaining  valid  results,  all  users 
should  read  the  APTD-0,576  document  and  adopt  the 
operating  and  maintenance  procedures  outlined  in  it, 
unless  otherwise  specified  herein.  Further  details  and 
guidelines  on  operation  and  maintenance  are  given  in 
Method  5  and  should  be  read  and  followed  whenever 
they  arc  applicable. 

2.1.1  Probe  Nozzle.  Same  as  Method  5,  Section  2.1.1. 

2.1.2  Probe  Liner.  Borosilicate  or  quartz  glass,  with  a 
heating  system  to  prevent  visible  condensation  during 
sampling.  Do  not  use  metal  probe  liners. 

2.1.3  Pitot  Tube.  Same  as  Method  5,  Section  2.1.3. 
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Figure  8-1.  Sulfuric  acid  mist  sampling  train. 


2.1.4  Differential  Preasure  Gauge.  Same  aa  Method  5, 
Section  2.1.4. 

2.1.5  Filter  Holder.  Boroailicate  glaaa,  with  a  glass 
frit  Alter  support  and  a  silicone  rubber  gasket.  Other 
gasket  materials,  e.g.,  Teffon  or  Viton,  may  be  used  sub¬ 
ject  to  the  approval  of  the  Administrator.  The  holder 
design  shall  provide  a  positive  seal  against  leakage  from 
the  outside  or  around  the  Alter.  The  Alter  holder  sh^ 
be  placed  between  the  Arst  and  second  impingers.  Note: 
Do  not  beat  the  Alter  holder. 

2.1.6  Impingers— Four,  as  shown  in  Figure  8-1.  The 
Arst  and  tlurd  shall  be  of  the  Oreenburg-Bmith  design 
with  standard  tips.  The  second  and  fourth  shall  be  of 
the  Qreenburg-Smith  design,  mo^Aed  by  rejAacing  the 
insert  with  an  approximately  13  millimeter  (OA  i^  ID 
glass  tube,  having  an  uncoi^ricted  tip  located  13  mm 
(0.5  in.)  from  the  bottom  of  the  Aask.  Similar  collection 
systems,  which  have  been  approved  by  the  Adminis¬ 
trator,  may  be  used. 

2.1.7  Metering  System.  Same  as  Method  5,  Section 

2.1.8. 

2.1.8  Barometer.  Same  as  Method  5,  Section  Z1.9. 

Z1.9  Gas  Density  Determination  Equipment.  Same 

as  Method  5,  Section  2.1.10. 

Zl.lO  Temperature  Gauge.  Thermometer,  or  equiva¬ 
lent,  to  measure  the  temperature  of  the  gas  leaving  the 
impinger  train  to  within  1®  C  (2®  F). 

2.2  Sample  Recovery. 

2J.1  Wash  Bottles.  Polyethylene  or  glass,  500  ml. 
(two). 


2.2.2  Graduated  Cylinders.  250  ml.  1  litw.  (Volo 
metric  dasks  may  also  be  used.) 

Bottles.  Leak-free  polyethylene  bottlee 
1000  ml  sue  (two  for  each  samjAing  run). 


2.2.4  Trip  Balance.  50l>gram  capacity,  to  measure  to 
=b0A  g  (necessary  only  if  a  moisture  content  analysis  is 
to  be  done). 

2.3  Analysis. 

2A.1  Pipettes.  Volumetric  25  ml,  100  ml. 

Z3Z  Burrette.  50  ml. 

2.3.3  Erleiuneyer  Flask.  250  uA.  (one  (or  each  sample 
blank  and  standard). 

Z3.4  Graduated  Cylinder.  100  ml. 

2.3.5  Trip  Balance.  500  g  capacity,  to  measure  to 
=b0.5g. 

2.3.6  Dropping  Bottle.  To  add  indicator  solution, 
125-ml  sixe. 

X  Reagent* 

Unless  otherwise  Indicated,  all  reagents  are  to  conform 
to  the  speciOcations  esttd>1ished  by  the  Committee  on 
Analytic  Reagents  of  the  American  Chemical  Society, 
where  such  speciOcations  are  available.  Otherwise,  use 
the  best  available  grade. 

3.1  Sampling. 

3.1.1  Fitters.  Same  as  Method  5,  Section  3.1.1. 

X1.2  Silica  Gel.  Ssune  as  Method  5,  Section  3.1.2. 

X1.3  Water.  Deionited,  distilled  to  conform  to  ASTM 

speciAcation  D1193-74,  Type  3.  At  the  option  of  the 
ansAyst,  the  KMnOi  test  tw  oxidisable  organic  matter 
may  be  omitted  when  high  concentrations  of  organic 
matter  are  not  expected  tobe  present. 

3.1.4  IsofMttpanol.  80  Percent.  Mix  800  ml  of  isopro¬ 
panol  with  200  ml  of  deioni^,  distilled  water. 

Noti.— Experience  has  shown  that  only  A.C.8.  grade 
isopropanol  is  satisfactory.  Tests  have  shown  that 
iaopnqianol  obtained  from  commercial  sources  occa- 
caMonidly  has  peroxide  impurities  that  will  cause  er¬ 


roneously  high  sulfuric  acid  mist  measurement.  Use 
the  following  test  for  detecting  peroxides  in  each  lot  of 
isopropcmol;  Shake  10  ml  of  the  isopropanol  with  10  ml 
of  newly  prepared  10  percent  potassium  iodide  solution. 
Prepare  a  blank  by  similarly  treating  10  ml  of  distilled 
water.  After  1  minute,  read  the  absorbance  on  a  spectro¬ 
photometer  at  352  nanometers.  If  the  absorbance  exceeds 
0.1,  the  isopropanol  shall  not  be  used.  Peroxides  may  be 
removed  from  isopropanol  by  redistilling,  or  by  passage 
through  a  column  of  activated  alumina.  However,  re¬ 
agent-grade  isopropanol  with  suitably  low  peroxide  levels 
is  readily  avai&ble  from  commercisA  sources;  therefore, 
rejection  of  contaminated  lots  may  be  more  efficient 
than  following  the  peroxide  removal  procedure. 

3.1.5  Hydrogen  Peroxide,  3  Percent.  Dilute  100  ml 
of  30  percent  hydrogen  peroxide  to  1  liter  with  deionised, 
di^wed  water.  Prepare  fresh  daily. 

3.1.6  Crushed  Ice. 

3.2  Sample  Recovery. 

3.2.1  Water.  Same  as  3.1.3. 

3.2.2  Isopropanol,  80  Percent.  Same  as  3.1.4. 

3A  Analysis. 

-  3A.1  Water.  Same  as  3.1.3 

332  Isopropanol,  100  Percent. 

3.33  ThOTin  Indicator.  l-(o-arsonophenylaso)-3-napb- 
thol-3,  6-disnlfonic  acid,  disodium  salt,  or  equivalent. 
Dissolve  0.20  g  in  100  ml  of  deionised,  dtetilled  water. 

3.34  Barium  PerchkHate  (0.0100  Normal).  Dissolve 
1 .95  g  of  baritun  perchlorate  trihydrate  (Ba(C10t)r3HiO) 
in  2IX)  ml  deionised,  distilled  water,  and  dilute  to  1  liter 
with  isonopaiMA;  1.22  g  of  barium  chloride  dihydrate 
(BaCH^iO)  may  be  used  instead  of  the  barium  per¬ 
chlorate.  Standardise  with  sulfuric  acid  as  in  Section  5.2. 
This  acAution  must  be  {wotected  against  evaporation  at 
all  times. 
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3.3.5  SuUuric  Acid  Standard  (0.0100  N).  Purchase  or 
standardize  to  ±0.0002  N  against  0.0100  N  NaOH  that 
has  previously  been  standardized  against  primary 
standard  potassium  acid  phthalate. 

4.  Procedure 

4.1  Sampling.  „  ^ 

4.1.1  Pretest  Preparation.  Follow  the  procedure  out¬ 
lined  in  Method  5,  Section  4.1.1;  filters  should  be  in¬ 
spected,  but  need  not  be  desiccated,  weighed,  or  identi- 
fiirf.  If  the  effluent  gas  can  be  considered  dry ,  i.e. ,  mois¬ 
ture  free,  the  silica  gel  need  not  be  weighed. 

4.1.2  Preliminary  Determinations.  Follow  the  pro¬ 
cedure  outlined  in  Method  5,  Section  4.1.2. 

4.1.3  Preparation  of  Collection  Train.  Follow  the  pro¬ 
cedure  outlined  in  Method  5,  Section  4.1.3  (except  (or 
the  second  paragraph  and  other  obviously  inapplicable 
parts)  and  use  Figure  8-1  instead  of  Figure  5-1.  Replace 
the  second  paragraph  with;  Place  100  ml  of  80  percent 
isopropanol  in  the  first  impinger,  100  ml  of  3  percent 
hydrogen  peroxide  in  both  the  second  and  third  im- 


ingers;  retain  a  portion  of  each  reagent  for  use  as  a 
lank  solution.  Place  about  200  g  of  silica  gel  in  the  fourth 
impinger. 

Note. — ^If  moisture  content  is  to  be  determined  by 
impinger  analysis,  weigh  each  of  the  first  three  impingers 
(plus  absorbing  solution)  to  the  nearest  0.5  g  and  record 
these  weights.  The  weight  of  the  silica  gel  (or  silica  gel 
plus  container)  must  a&o  be  determined  to  the  nearest 
0.5  g  and  recorded. 

4.1.4  Pretest  Leak-Check  Procedure.  Follow  the 
basic  procedure  outlined  in  Method  5,  Section  4.1.4.1, 
noting  that  the  probe  heater  shall  be  adjusted  to  the 
minimum  tempcroture  required  to  prevent  condensa¬ 
tion,  and  also  that  verbage  such  as,  “*  *  *  plugging  the 
inlet  to  the  filter  holder  •  •  shall  be  replaced  by, 
“•  *  *  plugging  the  inlet  to  the  first  impinger  •  • 

The  pretest  leak-check  is  optional. 

4.1.5  Train  Operation.  Follow  the  basic  procedures 
outlined  in  Method  5,  Section  4.1.5,  in  conjunction  with 
the  following  special  instructions.  Data  sh^  be  recorded 


on  a  sheet  similar  to  the  one  in  Figure  8-2.  The  sampling 
rate  shall  not  exceed  0.030  m>/min  (1.0  cfm)  during  the 
iTin.  Periodically  during  the  test,  observe  the  connecting 
line  between  the  probe  and  fir^  impinger  for  signs  of 
condensation.  If  it  does  occur,  adjust  the  {x-obe  neater 
setting  upward  to  the  minimum  temperature  required 
to  prevent  condensation.  If  component  changes  become 
necessary  during  a  run,  a  leak-cneck  shall  be  done  im¬ 
mediately  before  each  change,  according  to  the  procedure 
outlined  in  Section  4. 1.4.2  of  Method  5  (with  appropriate 
modifications,  as  mentioned  in  Section  4.1.4  of  this 
method);  record  all  leak  rates.  If  the  leakage  rate(8) 
exceed  the  specified  rate,  the  tester  shall  either  void  the 
run  or  shall  plan  to  correct  the  sample  volume  as  out¬ 
lined  in  Section  6.3  of  Method  5.  Immediately  after  com¬ 
ponent  changes,  leak-checks  are  optional.  If  these 
leak-checks  are  done,  the  procedure  outlined  in  Section 

4.1.4.1  q(  Method  5  (with  appropriate  modifications) 
shall  be  used. 


PLANT _ 

LOCATION _ 

OPERATOR _ 

DATE _ 

RUN  NO _ 

SAMPLE  BOX  NO _ 

METER  BOX  NO _ 

METER  A  _ 

C  FACTOR _ 

PITOT  TUBE  COEFFICIENT,  Cp 


STATIC  PRESSURE,  mm  H|  (ia.  H|) .  _ 

-  AMBIENT  TEMPERATURE _ 

BAROMETRIC  PRESSURE _ 

ASSUMED  MOISTURE,  S _ 

PROBE  LENGTH,  m  (h) _ 

NOZZLE  IDENTIFICATION  NO _ 

AVERAGE  CALIBRATED  NOZZLE  DIAMETER,  cni(in.) 

PROBE  HEATER  SETTING _ 

LEAK  RATE,  m3/min, (cfm) _ 

PROBE  LINER  MATERIAL _ 

SCHEMATIC  OF  STACK  CROSS  SECTION  FILTER  NO.  - 


TRAVERSE  POINT 
NUMBER 

SAMPLING 
TIME 
(6),  min. 

VACUUM 
mm  H| 

(m.H|) 

iwi 

VELOCITY 
HEAD 
(APs), 
mm  H2O 
(hLH20) 

PRESSURE 
DIFFERENTIAL- 
ACROSS 
ORIFICE 
METER, 
mm  H2O 
(in.  H2O) 

GAS  SAMPLE 
VOLUME. 
m3  (ft3) 

GAS  SAMPLE  TEMPERATURE 
AT  DRY  GAS  METER 

TEMPERATURE 

OF  GAS 
LEAVING 
CONDENSER  OR 
LAST  IMPINGER. 
®C  (®F) 

INLET. 

•C  (•F) 

OUTLET. 

“C  (®F) 

- 

■■HH 

bhhi 

hhh 

■bhi 

1 

bhi 

mHii 

■■1 

mil 

BHHH 

i 

IHHI 

imm 

MHIIIII 

■■■III 

IBHH 

IHBlii 

TOTAL 

Avg 

Avg 

AVERAGE 

1  Avg 

After  turning  oS  the  pump  and  recording  the  final 
readings  at  the  conclusion  of  each  run,  remove  the  probe 
from  the  stack.  Conduct  a  post-test  (mandatory)  leak- 
check  as  in  Section  4.1.4.3  of  Method  5  (with  appropriate 
modification)  and  record  the  leak  rate.  If  the  post-test 
leakage  rate  exceeds  the  specified  acceptable  rate,  the 
tester  shall  either  correct  the  sample  volume,  as  outlined 
in  Section  6.3  of  Method  5,  or  shall  void  the  run. 

Drain  the  ice  bath  and,  with  the  prol^  disconnected, 
purge  the  remaining  part  of  the  train,  by  drawing  clean 
ambient  air  through  the  system  for  15  minutes  at  the 
average  fiow  rate  u^  (or  sampling. 

Note. — Clean  ambient  air  can  be  provided  by  passing 
air  through  a  charcoal  filter.  At  the  option  of  the  tester, 
ambient  air  (without  cleaning)  may  be  used. 

4.1.6  Calculation  of  Percent  Isokinetic.  Follow  the 
procedure  outlined  in  Method  5,  Section  4.1.6. 

4.2  Sample  Recovery. 

4.2.1  Container  No.  1.  If  a  moisture  content  analysis 


Figure  8*2.  Field  data. 

is  to  be  done,  weigh  the  first  impinger  plus  contents  to 
the  nearest  0.5  g  and  recwd  this  weight. 

Transfer  the  contents  of  the  first  impinger  to  a  250-ml 
graduated  cylinder.  Rinse  the  probe,  first  impinger,  all 
connecting  glassware  before  the  filter,  and  the  front  half 
of  the  filter  holder  with  80  percent  isopropanol.  Add  the 
rinse  solution  to  the  cylinder.  Dilute  to  250  ml  with  80 
percent  isopropanol.  Add  the  filter  to  the  solution,  mix, 
and  transfer  to  the  storage  container.  Protect  the  solution 
against  evaporation.  Blark  the  level  of  liquid  on  het 
container  and  identity  the  sample  container. 

4.2.2  Container  No.  2.  If  a  moisture  content  analysis 
is  to  be  done,  weigh  the  second  and  third  impingers 
(plus  contents)  to  the  nearest  0.5  g  and  record  these 
weights.  Also,  weigh  the  spent  silica  gel  (or  silica  gel 
plus  impinger)  to  the  nearest  0.5g. 

Tranaer  the  solutions  from  the  second  and  third 
impingers  to  a  1000-ml  graduated  cylinder.  Rinse  all 
connecting  glassware  (including  back  half  of  filter  holder) 
between  the  filter  and  silica  gel  impinger  with  deionized. 


distilled  water,  and  add  this  rinse  water  to  the  cylinder. 
Dilute  to  a  volume  of  1000  ml  with  deionized,  distilled 
water.  Transfer  the  solution  to  a  storage  container.  Mark 
the  level  of  liquid  on  the  container.  and  identify  the 

sample  container. 

4.3  Analysis. 

Note  the  level  of  liquid  in  containers  1  and  2,  and  con¬ 
firm  whether  or  not  any  sample  was  lost  during  ship¬ 
ment;  note  this  on  the  analytical  data  sheet.  If  a  notice¬ 
able  amount  of  leakage  has  occurred,  either  void  the 
sample  or  use  methods,  subject  to  the  approval  of  the 
Administrator,  to  correct  the  final  results.  ' 

4.3.1  Container  No.  1.  Shake  the  container  holding 
the  isopropanol  solution  and  the  filter.  If  the  filter 
breaks  up,  allow  the  fragments  to  settle  for  a  few  minutes 
before  removing  a  sample.  Pipette  a  100-ml  aliquot  of 
this  solution  into  a  250-ml  Erlenmeyer  flask,  add  2  to  4 
drops  of  thorin  indicator,  and  titrate  to  a  pink  endpohit 
using  0.0100  N  barium  perchlorate.  Repeat  the  titration 
with  a  second  aliquot  ofsample  and  average  the  titration 
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▼•laee.  Rapliote  titrmtions  mast  scree  within  1  pensent 
or  0  J  ml,  whieheTer  is  greater. 

4.3.2  Caotainw  No.  2.  Thoroaghly  mix  the  solatfam 
in  the  oontsiner  bolding  the  contents  of  the  secmid  sod 
third  iimringers.  Pipette  a  10-ml  aliquot  of  sample  into  a 
2S0-ml  &lenmeyer  flask.  Add  ml  of  isopro^ol,  2  to 
4  drops  of  thorin  indkator,  and  titrate  to  a  pink  endpoint 
using  0.0100  N  barium  percblorate.  Repeat  the  titration 
with  a  second  aliquot  of  sample  and  avvage  the  titration 
Tslues.  RepUeate  titrations  must  agree  within  1  percent 
or  0.2  mL  whicbeyer  is  greater. 

4AA  Blanks.  Prepare  blanks  by  adding  2  to  4  drops 
of  tbocln  indleatar  to  100  ml  of  80  percent  iai^Kopanol. 
Titrate  the  blanks  in  the  same  mannw  as  tbe  samples. 

S.  CkUbrsfiim 

5.1  Callluate  equipment  using  the  procedures  speci¬ 
fied  in  the  following  sections  of  kfstbod  5:  Secticm  5JS 
(metering  system);  Section  5A  (temperature  gauges); 
Section  5.7  (barom^sr).  Note  that  the  recommended 
lei^-check  of  the  metering  system,  described  in  Section 
5.0  of  Method  6,  also  amdiee  to  this  method. 

5.2  StandardlM  the  barium  pocblorate  solution  with 
25  ml  of  standard  soUnric  acid,  to  which  100  ml  of  100 
percent  isopropanol  has  been  added. 

0.  Oaleuisffoas 


Note.— Carry  out  calculations  retaining  at  least  one 
extra  decimal  figure  be;^d  that  of  the  acquired  data. 
Round  off  figures  after  final  calculation. 

0.1  Nommclature. 

A.— Cross-sectional  area  of  noacle,  m*  (ft*). 
fiM-Water  yapor  in  the  gas  stream,  proportion 
by  yolume. 

CHiSOt-Sulniric  acid  (including  SOt)  coneoitration, 
g/dscm  Qb/dscO- 

CSOi-Sulfnr  dioxide  concentratioa,  g/dscm  Ob/ 
dscf). 

/—Percent  of  isokinetic  sampling. 

iV— Normality  of  barium  perchlorate  titrant,  g 
equiyalentVUter. 

Pbar- Barometric  pressure  at  the  sampling  site, 
mm  Hg  (in.  ^). 

P.-Abs(date  stack  gas  pressure,  mm  Hg  (in. 


Pstd-S^^ard  absolute  pressure,  700  mm  Hg 
(29.92  in.  %). 

Ta— Ay»age  absolute  dry  gas  meter  temperature 
(see  Figure  8-2),  *  K  (”  R). 

7.— Ayeiage  abeulute  stack  gas  temperature  (see 
Figure8-2),®K(<’R). 

7ktd-Staodard  ablate  temperature,  293°  K 
(528°  R). 

F.-Molume  <d  samide  aliquot  titrated,  100  ml 
for  HiSOt  and  10  ml  for  SOi. 

Vi,— Total  yblume  of  liquid  oolleeted  in  impingers 
and  silica  gel,  ml. 

Va— Volume  of  gas  sample  as  measured  by  dry 
gas  meter,  dmn  (del). 

V’a(std)— Volume  M  gas  samide  measured  by  the  dry 
m  meter  corrected  to  standard  conditions, 

rtuftTTi  (dscf)- 

r,— Ayerage  stack  gas  yelocity,  calculated  by 
Method  2,  Equimon  2-9.  using  data  obtained 
from  Method  8,  m/sec  (ft/wc). 

Vsoln— Total  yolume  of  solution  in  which  the 
sulfuric  acid  or  sulfur  dioxide  sample  is 
contained,  2.'i0  ml  or  1,000  ml,  respecuyely. 

Vi— Volume  of  barium  perchlorate  titrant  us^ 
for  the  sample,  ml. 

Vii— Volume  of  barium  perchlorate  titrant  used 
fortheblanl  ml. 

y— Dry  gas  meter  caliluation  foctor. 

A/f— Ayerage  pressure  drop  across  orifice  meter, 
mm  (in.)  HiO. 

e— Total  samiding  time,  min. 

13A-Bpeoifle  grayity  of  mercury. 

OO-SFc/min. 

100— Conyerskm  to  percent. 

0.2  Ayerage  dry  gas  meter  temperature  and  average 
orifice  pressure  drop.  See  data  sheet  (Figure  8-2). 

6.3  Dry  Qas  Volume.  Correct  the  sample  yolume 
measured  by  the  dry  gas  meter  to  standard  conditions 
(20°  C  and  760  mm  Hg  or  08°  F  and  29.92  in.  Hg)  by  using 
Eqiution  8-1. 


v^b.r+(A^r/13.6) 

^ - 

Equation  8-1 


where: 

ift‘^0.38S8°Eymm  Hg  for  metric  units. 

—17.64  “Rfia.  Hg  for  English  units. 

Note.— If  the  leak  rate  observed  during  any  manda¬ 
tory  leak-checks  exceeds  the  specified  acceptable  rate, 
the  tester  shall  either  correct  the  value  of  V_  m  Equation 
8-1  (as  described  in  Section  OA  of  Method  5),  or  shall 
invalidate  the  test  run. 


6.4  Volume  of  Water  Vapor  and  M<ristare  Content. 
Calculate  the  volume  (d  water  vapor  using  Equation 
5-2  of  Method  5;  the  weight  of  water  oolleeted  in  the 
impingers  and  silica  gel  can  be  directly  converted  to 
milliliters  (the  specific  gravity  of  water  is  1  g/ml).  Cal¬ 
culate  the  medsture  content  of  the  stack  gas,  using  Equa¬ 
tion  5-3  of  Method  5.  The  “Note”  in  Sectfon  6A  of  Method 
5  also  applies  to  this  method.  Note  that  if  the  effluent  gas 
stream  can  be  considered  dry,  the  vidnme  of  water  v^tor 
and  moisture  content  need  not  he  calculated. 

6A  Sulfuric  acid  mist  (including  SOi)  concentration. 

CafaOi=J^t - y - - — 


Equation  8-2 


where: 

fir]-0.0tt04  g/milliequivaient  for  metric  units. 

-1.081X10~'  Ib/n^  for  English  units. 

6.6  Sulfur  dioxide  concentiaoon. 


Caoj^Kt 


(ltd) 


Equation  8-3 


where:  _ 

/ri-0.032(Q  g/meq  for  metric  units. 

- 7.061  XKHlb/meq  for  English  units. 

6.7  Isokinetic  Variation. 

6.7.1  Calculation  from  raw  data. 

100  T,Iiir«yu-l-  jVJT^  +  Ag/13.6)l 
6Q$V,P,An 


Equation  8-4 


where: 

£4-0.003464  mm  Hg-m*/ml-°K  for  metric  units. 

-0.000676  in.  Hg-?t*/i^°R  for  English  units. 

6.7.2  Calculation  bom  intermediate  values. 

,  r.V-(.unP..dl00 

T,uiV,0A,P,GO{l-B,.) 

_ 'p  «y«»(»t«i) 

P,v,A^9{\-B,,) 

Equation  8-5 

where: 

£i-4A20  for  metric  units. 

-0.004SO  for  Englidi  units. 

6A  Acceptable  Results.  If  90  percent  <I  <110  per¬ 
cent,  the  r«ults  are  acceptable.  If  the  resuns  are  low  in 
comparison  to  the  standards  and  I  is  beyond  the  accept¬ 
able  range,  the  Administrator  may  opt  to  accept  the 
results.  Use  Citation  4  in  the  Bibliognq>hy  of  Mc^od  5 
to  make  Judgments.  Otherwise,  reject  the  results  and 
repeat  the  tert. 
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